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THE COCCIDIA OF WILD RABBITS OF IOWA 
II. EXPERIMENTAL STUDIES WITH EIMERIA NEOLEPORIS CARVALHO, 1942' 
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Station and the Fish and Wildlife Service, United States Department of the Interior 
Received December 10, 1942 
During the author's experiments with coccidia of wild rabbits in 
Iowa, the most complete studies were made with E. neoleporis, because it 
was able to grow in the tame rabbit. Experiments were carried on to 
observe its behavior, life cycle, biometrical or physiological changes, 
immunity relationships, etc., in the latter host. Comparative studies 
in both hosts were also performed. 
Results obtained led the author to believe that sooner or later E. 
neoleporis will extend its host range. One is also led to contemplate its 
evolutionary derivation, perhaps from Eimeria leporis of European hares. 
Speciation in this case has been accompanied by morphological and 
physiological manifestations (in the micropyle, residual body, intestinal 
localization, etc.), and indications are that it is still going on, while the 
presumed original source has remained unchanged. 
Quantitative counts were made by Becker and Derbyshire's (1937) 
method. The schizogonic cycle of E. neoleporis was studied in the tame 
rabbit. Heavy dosages, as high as 600,000 oocysts, were given to 18-
day-old rabbits, free from coccidia. A rabbit was killed every 48 hours 
until completion of the life cycle. Localization of the infection was 
ascertained by killing a rabbit and sectioning different parts of the 
intestine 10 days after the experimental infection was induced. Macro-
scopic examination and intestinal smears are of great help in this 
procedure. 
The histological technique employed was that of Roudabush (1937). 
Both Zenker's and Bouin's solutions were used as fixatives. Sections 
were stained with Goldhorn's polychrome methylene blue and eosin or 
Delafield's hematoxylin. Smears were made systematically, observed 
when still fresh, and after fixation and staining. Schaudinn's solution 
and absolute alcohol were used for fixatives, and Goldhorn's polychrome 
methylene blue, Delafield's hematoxylin, and iron-hematoxylin were 
chosen for stains. 
The generations of merozoites, the sporozoites, and the gametes 
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were studied in fresh and fixed conditions. Measurements and drawings 
were taken with the aid of a camera lucida. The determination of the 
number of generations of schizonts was the same as that adopted by 
Roudabush (1937). 
Experiments on immunity to E. neoleporis were made with groups 
of young tame rabbits (entirely free from coccidia before the experi-
mental infection) and with adult rabbits previously infected with other 
species of Eimeria. 
ENDOGENOUS CYCLE 
Developmental stages of E. neoleporis were found to be localized in 
the apical process of the cecum and in the ileo-cecal valve of the experi-
mentally infected tame rabbits. This localization is · the same as that 
reported by Waller and Morgan (1941) for E. leporis (presumably 
neoleporis) in cottontails. Endogenous stages of E. neoleporis have the 
same localization in both cottontails and tame rabbits. The infection 
is easily detected macroscopically after the fifth day when the apical 
process of the cecum becomes whitish, enlarged, and shows hyperemic 
blood vessels. The usual corduroid aspect characteristic of coccidia 
lesions was distinct on and after the sixth day. The ileo-cecal valve is 
apparently attacked more during the later stages, and cases were 
seen in which it became so enlarged as almost to 0 bstruct the passage 
of intestinal contents to the large intestine and cecum. 
During the first 3 days of oocyst elimination the cecal contents, large 
intestine, and even pellets are hemorrhagic. Before this period the 
lumen is filled with a caseous material in which merozoites and leucocytes 
are abundant. The epithelial layer is badly damaged during the oocyst 
discharge. Intense desquamation of epithelial cells and hemorrhage 
results , and leucocytes, mainly lymphocytes and eosinophils, are present 
in excessive numbers in the parasitized area. Other lesions are the same 
as known for other previously studied species. 
As previously mentioned, the prepatent period for the infection 
averages 12 days, while the patent period is about 10 days. Sporozoites 
(Pl. I , Fig. 1) were detected in the cecal lumen until the fourth day 
after administration of the oocysts. This proves that they may have a 
prepatent period of from 1 to 4 days, thus causing a superposition in 
the development of not only the first, but subsequent generations of 
schizonts. Sporozoites recovered from the cecal lumen had the same 
morphology as those still within the sporocyst. The refractive granules 
acquired a reddish color when stained with Goldhorn's polychrome 
methylene blue. The average dimensions were 14.3 by 4.5 µ. 
The first schizogonic generation is produced by sporozoitic invasion 
of the epithelial cells of the apical process, mainly those localized at the 
bottom of the crypts. Young schizonts (Pl. I , Fig. 2) are found in the 
epithelial layer, and later stages, principally mature schizonts (Pl. I, 
Fig. 3) , in the tunica propria of the mucous membrane. This migration 
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of infected cells agrees with that described by Matsubayashi (1934) and 
Cheissin (1940) for certain other species in rabbits. 
No attempt was made to measure either growing schizonts or 
mature schizonts, in which the size depends on the fluctuating number 
of merozoites. The mature schizonts contain about 43 to 48 merozoites 
(PL I, Fig. 4) and a central residual mass. The escape of merozoites 
into the intestinal lumen is begun by the end of the fifth day. Merozoites 
of the first generation (PL I, Fig. 5) resemble a Leishmania, in form, with 
the nucleus nearer to the blunt end. They average 20.5 by 2.8 µ in size. 
Merozoites of this type were observed in smears until the eighth day, 
indicating a period of 4 days for completion of the first generation of 
schizonts. 
The invasion of other epithelial cells by first-generation sporozoites 
gives rise to the second schizogonic generation, which attains its full 
development on the seventh day. Growing schizonts of this generation 
(Pl. I, Fig. 6) can be seen on the sixth day. Mature schizonts show from 
59 to 72 merozoites (Pl. I, Fig. 7) which, after breaking from the cells 
and falling into the lumen, average 25.7 by 1.5 µ. These merozoites are 
Crithidia-like in form, with one nucleus and 4 to 5 siderophilic granules 
(PL I, Fig. 8) . Intestinal smears revealed their presence in the lumen 
until the ninth day. 
Schizonts of the third generation (Pl. I, Figs. 9 and 10) fully mature 
on the ninth day. Two types of schizonts seem to be present in this gener-
ation; a sm'aller (PL I, Fig. 12), with an average of 14 merozoites and a 
larger (Pl. I, Fig. 11), with 60 to 86 merozoites. Merozoites of the smaller 
schizont (Pl. I, Fig. 13b) measure 18.0 by 3.5 µ, whereas those of the 
larger (PL I, Fig. 13a) measure 31.5 to 1.5 µ. The presence of two types 
of merozoites in this generation suggests that while one (smaller) con-
tinues the asexual cycle the other (larger) is destined to give rise to 
gametocytes, which can be seen from the tenth day henceforth until 
the end of the infection. This assertion is based on the fact that a some-
what different type of merozoite was seen in the smears of the twelfth 
day, although no mature schizonts could be detected after the ninth 
day (probably due to the small number of them). This would bring the 
number of schizogonic generations to four, of which three are easily and 
distinctly recognizable. 
Gametocyte formation starts on the tenth day. Growing macro-
and microgametocytes reach full development 2 days later. Differ-
entiation of gametocytes can be detected only after the eleventh day, 
since the young gametocytes are indistinguishable. 
The microgametocyte nuclei divide several times (Pl. I, Fig. 14), 
forming several spherical black corpuscles which later become slightly 
elongated and finally comma-shaped (Pl. I, Fig. 15a). On the twelfth 
day these microgametes can be seen free in the tissue and a few in the 
intestinal lumen. Two flagella are present at the anterior end. The size 
of the body is about 3.5 X 0.5 µ and of the flagella 0.6 µ long (PL I, Fig. 
15b). 
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Macrogametocytes (Pl. I, Fig. 16) are found in the apical process 
of the cecum and in the ileo-cecal valve, where they occur in large num-
bers forming several "oocyst nests" (Pl. I, Fig. 17). They can be differ-
entiated from microgametocytes by the presence of both plastic and 
siderophilic granules, whereas the latter possess only siderophilic 
granules. With Delafield's hematoxylin the microgametocytes appear as 
small black dots, whereas in the macrogametocytes there are plactic 
granules of a somewhat dull-yellow color associated with small blue 
to black granules. Of these the dull-yellow granules are the more 
numerous. Both migrate to the periphery of the macrogametocyte (Pl. 
I, Fig. 18) and give rise to the outer membranes of the oocyst. Young 
oocysts (Pl. I, Fig. 19) can be seen by the end of the eleventh day. 
The invasion of cells by several macrogametocytes heretofore men-
tioned by several authors was verified. As many as 18 young macro-
gametocytes were seen within one cell or "oocyst nest"; the average 
number was 3 to 5. The designation "oocystic nest-cell" is proposed to 
describe the cell with such a multiple infection. 
Oocysts passed into the cecal lumen usually remain there, or in the 
large intestine, for a period of 24 to 36 hours, after which they are 
eliminated with the pellets. If environmental conditions obtained around 
these pellets are propitious the sporogonic life cycle ensues. 
COMPARATIVE INFECTION STUDIES IN COTl'ONTAILS AND TAME RABBITS 
In order to study possible physiological differences between tame 
rabbits and cottontails, a series of infections was performed, and the 
resultant symptoms and oocyst elimination are compared. ' 
A total of 54 young tame rabbits, all free from coccidia except 
for the first ones used, were infected with E. neoleporis. With the ex-
ceptions of one naturally immune rabbit and a few old does and bucks, 
all were susceptible. 
Daily oocyst elimination increased rapidly to a pronounced maxi-
mum on the third day, with a moderate decrease after this period. Graph 
I compares the average numbers of oocysts eliminated daily by five 
tame rabbits and by three cottontails, each inoculated with 150,000 
oocysts. 
The prepatent period was found to average 12 days, with a range of 
from 11 to 14 days. The patent period averaged 10 days, with a range 
of from 8 to 16 days. 
In no case was loss of weight noted, even with dosages as high as 
150,000 oocysts. Diarrhea was also absent. The only apparent symptom 
was partial loss of appetite during the 2 or 3 first days. 
Three cottontails, about 34 days old, were injected with 150,000 
oocysts each from the same culture as that administered to the tame 
rabbits. Two of them had a previous infection with E. environ (whose 
oocysts are readily distinguishable from E. neoleporis), and the third 
one was free from coccidia. All were infected. The prepatent period 
averaged 12 days as in the tame rabbit, with a range of from 12 to 13 
days. The patent period averaged 13 days, ranging from 12 to 15. 
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As might be expected, the natural host showed a much more marked 
susceptibility to the disease than tame rabbits. Two days before elimina-
tion of the first oocysts they became quiet, developed a rough coat, and 
showed a marked loss of appetite. One of them had diarrhea from 2 
days after oocysts were first seen in the pellets. The other two had 
only softened pellets for a period of 4 days. The most evident symptom 
was loss of weight, which in one rabbit dropped as much as 50 per cent. 
All three lost weight from the eighth day after infection up to the 
third day after oocyst elimination (6 to 8 days). After elimination of 
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Graph I. Comparative daily oocyst elimination of E. neoleporis in infections 
in tame rabbits and cottontails. 
oocysts commenced, the rabbits were fed green alfalfa to simulate 
natural food. 
The numbers of oocysts given off by the cottontail (see graph) 
were much greater than in the tame rabbits. The elimination curve is 
roughly similar, but rises abruptly to a high level on the second day of 
the patent period, rea~hing a maximum on the third and fourth days, 
and then dropping sharply to a low level on the fifth day. 
It is apparent that despite the large number of oocysts given off 
daily and the more marked susceptibility of cottontails, there was a 
general similarity in the development of the infection in both hosts. 
However, with the dosage given, cottontails lost weight during the 
infection, while tame rabbits continued to gain. No higher dose than 
150,000 oocysts was tried in the cottontail, but comparison of effects of 
this dosage with lighter ones suggests that still higher doses than this 
might kill the rabbits. 
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EFFECTS OF SERIAL PASSAGES IN TAME RABBITS 
An infection of E. neoleporis was established in a tame rabbit by 
cross-infection from a cottontail, and then passed through five additional 
successive generations in tame rabbits. 
In each case the infection was positive, with prepatent and patent 
periods similar to those in the cottontail. No weakening of the parasite 
was manifest. Sporulation continued normally, and quantitative counts 
revealed an apparently uniform oocyst elimination throughout the 
series. 
Biometrical studies made during each infection and throughout 
the passages failed to demonstrate any great degree of size variation. 
The average dimensions of a hundred oocysts measured daily during the 
series are given below (average taken from the mode): 
Passages 6 (cottontail) 
Length .. ... . .. 38 .8 38 .0 39 .3 39 .3 38 .5 38 .6 
Width . .. .. .... 18 .2 18 .4 19 .8 19 .0 19 .5 18 .8 
Oocysts from the fifth passage when brought back to the cottontail 
produced normal infection. with prepatent and patent periods which 
remained within the average (12 and 11 days, respectively). Measure-
ments taken were also normal. 
E. neoleporis is, then, a parasite with the potentiality of gammg a 
new host in the near future. One case of spontaneous infection was 
noted in the room where the rabbits were maintained. Results obtained 
show that no apparent modification, physiological or biometrical, oc-
curred, thus demonstrating the capacity of the tame rabbit to harbor 
the species. Considering, however, the age-resistance developed by 
adult rabbits, even after serial passages, the chances are that a con-
siderable number of either natural or artificial reinfections would 
have to be made before the parasite would adapt and establish itself 
in old animals. No cases of natural infection were found in tame rabbits 
examined in Ames. The possibility of its occurrence is, however, not 
to be excluded. 
In the serial passages no variation was noted in the health condition 
of the hosts. All rabbits gained weight, ate regularly, and signs of 
diarrhea were not noted. 
IMMUNITY 
Experiments reported by a number of workers have shown that 
by administration of sublethal doses of oocysts of various species of 
Eimeria, a partial or total immunity has been developed in the hosts. 
All results obtained so far have failed to show the development of cross-
immunity in the case of species of Eimeria. This is the reason why a cer-
tain rabbit, immunized to one or two species, may become infected if a 
third or fourth species is administered or accidentally gains entrance 
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through the digestive canal. A natural immunity seems to exist, in 
occasional individuals, at least to E. neoleporis, but no experimental work 
of a genetic nature has been performed to determine whether such 
immunity is transmitted to the offspring of such individuals. 
The author, experimenting with E. neoleporis in the tame rabbit, 
has obtained results which clearly demostrate the presence of an 
acquired and lasting immunity against reinfection by this species. Two 
groups of rabbits, both young and reared free from coccidia were set 
apart, and different dosages of oocysts were introduced into the stomach. 
The data obtained and other details are shown in Table 1. 
In the first group, composed of 4 rabbits from the same litter, 
sublethal doses of 80,000 oocysts were administered to two of them; the 
Group I 
No. 1 ... 
No. 2 . . . 
No. 3 . .. 
No. 4 ... 
Group II 
No. 5 ... 
No. 6 ... 
No. 7 ... 
No. 8 ... 
No. 9 ... 
TABLE 1 
DATA PERTAINING TO IMMUNITY DEVELOPING AFTER INFECTIONS 
WITH Eimeria neoleporis 
Age First Dosage Second Dosage Third 
in Infec- in R e- lnfec- in Re- lnfec-
Days tion Date Oocysts suit tion Date Oocysts suit tion Date 
44 12-21-41 80,000 + 1-14-42 150,000 - 1-30-42 
44 12-31-41 80,000 + 1-14-42 150,000 - 1-30-42 
44 Control . . . . . . . . .... 1-14-42 150,000 + 1-30-42 
44 Control . . . . . . . . .... 1-14-42 150,000 + 1-30-42 
22 1-21-42 3,000 + 2-14-42 150,000 + 3-30-42 
22 1-21-42 6,000 + 2-14-42 150,000 - 3-30-42 22 1-21-42 12,000 + 2-14-42 150,000 - 3-30-42 
22 1-21-42 25,000 + 2-14-42 150,000 - 3-30-42 
22 Control . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 3-30-42 
Dosage 
in Re-
Oocysts sult 
150,000 -
150,000 -
150,000 -
150,000 -
150,000 -
150,000 -
150,000 -
150,000 -
150,000 + 
others remaining as controls. Both rabbits were infected positively. When 
a second dosage of 150,000 oocysts was given to all individuals (controls 
included), the first two did not show any infection, whereas the controls 
were infected. A third application of the same amount of oocysts to the 
entire group was negative, showing that an acquired and lasting im-
munity was present in the rabbits of group I. 
Group II, composed of 4 rabbits and 1 control, from a single brood 
was infected with doses of 3,000, 6,000, 12,000 and 25,000 oocysts. Only 
rabbit 5 which received the smallest dose, could be infected a second 
time when the amount of oocysts were increased to 150,000. Rabbits 
6, 7, and 8 were immunized after the first treatment. The control, which 
was left apart until the third infection trial (of 150,000 oocysts each) 
was the only rabbit to develop the infection after the third treatment. 
Daily oocyst elimination of rabbit 5 after the first infection and 
rabbit 9 (control) showed that rabbit 5, after being infected with 3,000 
oocysts, did acquire a partial immunity to E. neoleporis. 
Table 2 shows that daily oocyst elimination was much higher 
in the control than in rabbit 5. In no case during these experiments did 
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rabbits receiving 80,000 oocysts or more show such a low daily oocyst 
elimination as in rabbit five, after the first infection with 3,000 oocysts. 
This proves that light doses of oocysts lead the host to acquire a partial 
immunity to E. neoleporis. 
These experiments permit the conclusion that the tame rabbit 
following a dosage of 6,000 or more oocysts develops an acquired and 
TABLE 2 
DAILY OocvsT EuMINATION OF RAB BIT 5 (SECOND INFECTION ), AND 
RABBIT 9 (CONTROL), FROM GROUP II 
Days 
1 ................ . 
2 ........ . ... . ... . 
3 .. . ........ . .... . 
4 .. ..... · . ....... . . 
5 ................ . 
6 ...... ..... .. ... . 
7 .. .... . . . .. . .... . 
8 ............... . . 
9 ......... . ...... . 
Rabbit 5 
less than 100,000 
1,111,112 
2,650,000 
less than 100,000 
" u ,, 
" 
" ,, 
" ,, 
Rabbit 9 (control) 
19,000,000 
21,000,000 
69,000,000 
39,000,000 
18,000,000 
5,000,000 
277,778 
150,000 
less than 100,000 
total immunity to E. neoleporis, while lighter doses only lead the host 
to an acquired and partial immunity. 
A natural immunity to E. neoleporis was revealed in only one rabbit, 
(young male, No. 12), which was reared free from coccidia and sub-
jected to three doses of 150,000 oocysts each without positive results; i.e., 
oocysts were not eliminated. Oocysts of the same culture when inocu-
lated into other rabbits did cause coccidiosis. Due to lack c:if time the 
author did not conduct any genetical tests to see if this rabbit could 
transmit to its litters immunity to E. neoleporis. Since E. neoleporis is 
not a species normal to the tame rabbit it seems unwise to attempt an 
explanation for the immunity in this single rabbit. It is interesting to 
remember, however, that this was the only case of natural immunity 
noted in about 68 experimental rabbits. 
AGE-RESISTANCE AGAINST E. NEOLEPORIS 
Five adult tame rabbits, four does and one buck, were given 150,000 
oocysts previously tested in young rabbits. Daily examination carried 
up to the eighteenth day after administration of the sporulated culture 
failed to reveal the presence of oocysts in the pellets. 
This age-resistance may be attributed to the greater similarity of 
young tame rabbits and cottontails in the physiological reactions, or to 
a defense mechanism which is not yet fully developed. Infections given 
to rabbits u'p to 120 days old were positive. No attempt was undertaken 
to delineate the exact period when age-resistance begins. Iri the cotton-
tail there is no evidence of age-resistance to E. neoleporis since adult as 
well as young are readily susceptible to infection, and it occurs in field-
captured animals of all ages. 
COCCIDIA OF WILD RABBITS 185 
EFFECT OF HOST-COLOR UPON THE INFECTION AND PARASITE 
In order to determine whether or not color coat is correlated with 
the infection or parasite, white and black rabbits were separated in two 
groups of three. Group I was black; Group II wl!ite. 
Both groups were represented by young rabbits about 18 days old 
and free from coccidia. E. neoleporis was then given to them in doses 
of 80,000 oocysts each. The results were shown to be positive for all 
rabbits, with a prepatent period of 12 to 14 days and a patent period of 
8 to 14 days. Table 3 shows the variation on both groups, which re-
mained within the normal range. 
Groups ......... . . 
Rabbit. . . ........ 1 
Prepatent period ... 13 
Patent period (days) 14 
TABLE 3 
PREPATENT AND PATENT PERIODS 
Group I (Black) 
2 3 1 
14 12 12 
10 8 11 
Group II (White) 
2 3 
13 12 
8 10 
Biometrical and quantitative studies have shown also that color 
is not correlated with number or size of oocysts eliminated. Table 4 
shows the amount of oocysts eliminated daily by each individual of the 
two groups. 
The table shows that there is no significance in the numbers above 
and that host-color has no effect upon the number of oocysts given off 
TABLE 4 
DAILY OocvsT ELIMINATION OF BoTH GROUPS 
(Numbers in Millions) 
Groups .......... . Group I (Black) Group II (White) 
Rabbit No .. . .. . .. . 
Days 
1 ... . . .. . .... . 
2 .......... .. . 
3 .... . ...... . . 
4 ............ . 
5 . .. . . ....... . 
6 ............ . 
7 ... . . . ... • . .. 
8 .... ..... .. . . 
9 ... ......... . 
10 .. .. .. . . . . .. . 
11 ... ......... . 
12 . . . ... . . .. .. . 
13 . . ....... . .. . 
14 . . .......... . 
3 
11 
146 
22 
13 
2 .5 
l 
t 
* 
t 
• 
* Last day of the infection. 
2 3 
t t 
t 25 
56 33 
36 8 
28 
f 3 t 
t • 
t . ......... 
* 
t Number of oocysts less than 100,000 per 24 hours. 
2 
t 6 
t 10 
111 42 
35 21 
40 0.1 
17 t 
3 t 
0.1 * 
* 
3 
110 
610 
167 
58 
19 
3 
2.3 
0 .2 
0 . 1 
• 
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TABLE 5 
MEAN L ENGTH AND BREADTH OF TH E Ooc vsTs REc ovE RED FROM BLACK AND 
WHJTE RABBITS (50 FROM EACH RA BBIT MEASURE D DAILY) 
Group .... . ... . .. Group I (Black) Group II (White) 
Rabbit .. .. ...... 1 2 3 1 2 3 
Days 
1 .. .. ........ 18 . 5X40 .0 20 .OX40 .0 20 OX 40 .0 20 .0X40 .0 20 .0 X 38 . 6 20 .0 X 40.0 
2 ............ 18 .5 X 38.6 20 .0 X 40 .0 18 .5 X 38 . 6 20 .0 X 38 . 6 18 . 5X40 .0 20 .0 X 40 .0 
3 ............ 18 . 5 X40 .0 20 .0X38 .6 18 . 5X40 .0 20 .0 X 38 . 6 18 . 5 X 38 . 6 20.0 X 40.0 
4 ........... . 19 .OX 38 . 6 20 .0 X 38 .6 18 . 5 X 40 .0 20.0 X 38 . 6 18 . 5 X 40 .0 18 .5X40.0 
5 .... . ....... 20 .0X38 . 6 18 . 5 X 38 .6 18 . 5X38 .6 20 .0 X 40 . 0 20 .0 X 38 .6 18 . 5X38.6 
6 . .. .. ....... 18 .5X38.6 20 .0X40 .0 20 .0 X 40 .0 20 .0X40 .0 18.5X38 .6 20 .OX38. 6 
7 ... ......... 18 . 5X38 . 6 18 . 5 X38 .6 18 . 5 X 38 .6 20 .0 X 38.6 18.5 X 40 .0 18.5X40 .0 
8 ............ 18 .5X40 .0 18 .5 X 38.6 18 . 5 X 38 .6 18 . 5X40 .0 18 .5 X 38 .6 18.5 X 40 .0 
9 ............ 18 . 5X38 .6 18 .5 X 38 . 6 .......... 20 .0 X 40 .0 . ........ . 18 . 5X38 . 6 
10 . ........... 19 .OX38 .6 20 .0 X 40.0 .. . ....... 18 . 5 X 40.0 . ......... 18 .5 X38 .6 
11. .. ......... 18 . 5 X 40 .0 .......... . . . . . . . . . . 20 .0 X 40 .0 . . . . . . .... . . . . . . . . . . 
12 .. .......... 20 .0 X 40 .0 ... .. ..... . . . . . . . . . . . . . . . . . . . . . ... . .... . ....... . .. 
13 ............ 18 . 5 X 38 . 6 . . ........ . . . . . . . . . . .. . . . . . . . . .. . . ....... . . . . . . .. . . 
14 . ........... 19 .OX38 .6 . . . . . . . . . . ..... . .... . . . . . . . . . . . . . . . . . . . . ....... . . . 
Mean . .......... 18 .8 X 39 . 1 19 . 5 X 38 . 8 18 .5 X 39 .0 19 . 7 X39 . 4 18 .8 X 39.1 19 . 1 X 39 . 4 
18 . 9 X 38 . 9 19 . 2 X 39 . 3 
daily in both groups. It shows also that in spite of the same dosage and 
same culture, there is an apparent variation in the number of oocysts 
eliminated per rabbit, which may be due to several factors, such as host-
resistance, vitality of the oocysts, etc. 
No especial morphological or pathological modifications were ap-
parent in any individual or group. Table 5 shows the mean dimensions 
of the oocysts per rabbit, per day, as well as per group and throughout 
the patent period. 
Conclusion can thus be made that host-color affects neither the 
parasite nor the development of the infection in the host. 
SUMMARY AND CONCLUSIONS 
1. This paper reports studies made by the author with Eimeria 
neoleporis. Experiments were carried on to observe its behavior, life 
cycle, biometrical or physiological changes, immunity relationships, etc., 
in the tame rabbit. 
2. The endogenous cycle of E. neoleporis was studied, and three, 
probably four generations, of merozoites were found. There is a super-
imposition in the development of the different generations, and the third 
generation is apparently bifunctional, giving rise to gametocytes and to 
asexual merozoites, which continue the asexual phase of the cycle tem-
porarily. Descriptions and figures for the different schizonts, merozoites, 
macro- and micro-gametocytes, as well as for the intestinal lesions are 
given. 
3. Comparative infection studies were undertaken in tame 
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rabbits and cottontails. Daily oocyst elimination was found to be much 
heavier in cottontails than in tame rabbits, when the same amount of 
oocysts is given to either host. While the infection apparently does not 
seriously affect tame rabbits, cottontails show a much more marked 
susceptibility to it, losing as much as 50 per cent of their weight. In 
some individuals there is an accentuated loss of appetite and diarrhea. 
The course of the infection was apparently the same in both hosts. 
4. Serial passages were executed in tame rabbits. Altogether five 
successive passages were obtained. Biometrical data yielded during each 
infection and throughout the series failed to show any size variation. 
Neither physiological nor pathological modifications were found to exist. 
Oocysts of the fifth passage when fed again to cottontails caused infection 
showing normal size and characteristics. E. neoleporis is, then, a parasite 
with the potentiality of gaining a new host in the near future. 
5. Immunological tests were carried on with tame rabbits, and the 
results obtained permit the conclusion that when the dose given is above 
6,000 oocysts there is an acquired and total immunity to E. neoleporis, 
while lighter doses lead the host to an acquired and partial immunity. 
Natural immunity to E. neoleporis was found to exist in one young tame 
rabbit. 
6. Experiments on age-resistance to E. neoleporis demonstrated that 
age-resistance exists in adult tame rabbits. Adult cottontails, however, 
harbored normal and infective oocysts, proving that there is no age-
resistance to E. neoleporis in this host. 
7. The effect of host-color upon the infection and parasite was 
studied with black and white rabbits. The results showed that host-
color bears influence neither upon the infection nor the parasite. 
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EXPLANATION OF PLATE I 
All figures were drawn under oil immersion with the aid of a camera 
lucida. The projected scale has the value (in micra) indicated. 
Fig. 1. Sporozoites of E. neoleporis recovered from the intestinal lumen. 
2. Young schizont of the first generation in host cell. 
3. More advanced schizont of the first generation in host cell. 
4. Adult schizont, with merozoites and residual mass in host cell. 
5. Merozoites of the first generation recovered from the intestinal 
lumen. 
6. Two grown schizonts of the second generation in host cell. 
7. Adult schizont of the second generation, with merozoites and 
residual mass in host cell. 
8. Merozoites from the second generation recovered from the 
intestinal lumen. 
9. Growing schizont of the third generation in host cell. 
10. More advanced schizont of the third generation in host cell. 
11. Adult schizont of the third generation, larger type, with mero-
zoites and residual mass. 
12. Adult schizont of the third generation, smaller type, with mero-
zoites and residual mass. 
13. a. Merozoites of the third generation from the larger type of 
schizont. 
b. idem, from the smaller type of schizont. 
14. Growing microgametocyte. 
15. a. adult microgametocytes still within the cell. 
b. adult microgametocyte recovered from the intestinal lumen, 
5 times the scale on plate. 
16. Growing macrogametocyte. 
17. "Oocystic nest-cell." 
18. Young oocyst showing deposition of plastic granules to form 
the external wall. 
19. Oocyst still within the tissues. 
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A NEW HARMOSTES, WITH A PROVISIONAL KEY AND A CHECK 
LIST TO THE SPECIES (HEMIPTERA: RHOPALIDAE) 
H . M. HARRIS 
From the Department <Yf Zoology and Entomology, Iowa State College 
Received December 29, 1942 
In two earlier studies (Journal of the Washington Academy of 
Sciences, Vol. 32, pp. 27-32, 1942, and Iowa State College Journal of 
Science, Vol. 16, pp. 357-362, 1942) notes regarding the recognition 
features and the synonymy and distribution of some of the lesser-known 
species of Harmostes together with descriptions of several new species 
were given. This paper characterizes an additional new species and 
presents a provisional key that has grown out of the earlier studies. 
Manifestly the key has its shortcomings, but in making use of the texture 
and punctation of the hemelytra and the characte.rs of the bucculae, ros-
trum, and genitalia, as well as the shape of the pronotum and the nature 
of its lateral margins, it seems to offer something above those that have 
preceded it. 
Ha:rmostes corazonus Distant, H. brevispinis Blote, and H. ochraceous 
Blote are unknown to me, and as their original descriptions give in-
sufficient details of the texture and punctation of the hemelytra it has 
been necessary to omit them from the key. H. corazonus is described as 
a small species, 5.5 mm., with pale, hyaline membrane and a double series 
of fuscous spots along the costal margin of the corium and with spots on 
the nervures. Its third antennal segment is a little longer than the 
second. The species is probably close to montivagus Distant and mar-
moratus Blanchard. Gibson considered it to be a synonym of the latter. 
H. brevispinis is 8.5 mm. long. The pronotal margin is white, broader 
than in nebulosus, irregularly and rather coarsely crenulated. The sides 
of the pronotum, as figured, are sinuate, with the humeral angles broadly 
rounded. The third antennal segment is distinctly longer than the second, 
and the membrane is spotted. 
H. ochraceus is 8.0 mm. long, yellowish ochraceous, with the head, 
front of pronotum and scutellum, except apex, darker. Antennal III is 
distinctly longer than II. The pronotum is said to have the lateral edges 
finely crenulated and nearly concolorous with the disc, with the front 
angles situated distinctly behind the front margin. The lateral margin 
of the pronotum as figured is distinctly concave. 
Harmostes splendens, n. sp. 
Related to H. prolixus Stal, but stouter, with the lateral edge of the 
pronotum minutely crenulate, and the male clasper much longer and 
narrower. 
Size medium for the genus; body oblong-oval. General color yellow-
ish testaceous, speckled with crimson and with variable brownish to 
(191] 
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fuscous markings. Head subequally as broad as long. Spines of anten-
niferous tubercules short. Bucculae tapering, barely going behind a 
point opposite front edge of eye. Antennae rather long, segment I sur-
passing tylus by one-third its own length, II equal to or slightly greater 
than width of head across eyes; proportions, 15: 28: 32: 19. Rostrum reach-
ing on metasternum; segment I extending much beyond bucculae but not 
attaining collum. Pronotum coarsely punctate, almost twice as broad as 
long (58: 30) , gradually elevated and widened backwards; the sides 
practically straight, their edges slightly explanate, distinctly reflexed, 
and minutely crenulate. Hemelytra opaque and coarsely punctate 
throughout, only a small area along the median furrow smooth. Mem-
brane hyaline, sometimes inconspicuously speckled. Male clasper of the 
reflexulus type, but relatively long and narrow. 
LENGTH, 7.3 mm. WIDTH across humeri, 2.5 mm. 
HoLOTYPE, male, and ALLOTYPE, female , Santa Cruz, Bolivia, Septem-
ber, 1917; in my collection. PARATYPES, one male taken with types, one 
female, Bolivia, S. America, three males and six females, Chapada, Bra-
zil; in collections of Carnegie Museum and author. 
One female paratype is fresher and more conspicuously marked with 
brown than the other individuals. The abdomen is marked above with 
brown, these spots showing through the apex of the corium and disc of 
membrane. The species is readily placed by its discriminative characters 
outlined in the following key. It differs from H. brevispinis Blote, also 
from Bolivia and known to me only through the original description and 
figure, in its almost straight and more finely crenulate lateral edge of the 
pronotum and the less broadly rounded humeral angles. In collections it 
has been labeled subrufus Distant. 
KEY TO SPECIES 
1. Hind margin of pronotum deeply and profoundly incised behind 
humeral angles (see figure by Distant) ........ .. incisuratus Distant 
Hind margin of pronotum entire, not notched within the humeral 
angles ....... ... ...... .. .. .... ... ..... .. ... .. ... ...... .. ........ ....... ... .......... .... ........ .......... .... 2 
2. Cell Sc (fig. 14) of hemelytra coriaceous, usually strongly punctate, 
rugulose, or papillose, if semi-transparent then distinctly punctate 
over major part of surface . . . . .. .. ... ... ... ... .. .. . .. . . . . . . . . . . . . . . . .. . . . . . . . . .. . . .. ... .. .. . .. 3 
Cell Sc of hemelytra distinctly hyaline, never uniformly punctate, 
rugulose, or papillose, but sometimes with a marginal row of 
punctures . .. . .. .. . . . . .. . . . . .. . ... . . . .. . . . . . .. .. . .. . .. . . .. . . . . . . . . . . . . . . .. . . . . ... . . .. ... . . . . ... . . . .. . .. .. . . . 21 
3. Hemelytra in large part strongly, coarsely, and thickly punctate, 
the punctures prominent, usually almost as much so as those of 
pronotum .... .. ... ... .... .... ... ... .... ... .. ...... ...... ..... ..... ........ .......... ... .... ... .. ..... ..... . 4 
Hemelytra usually rather distinctly papillose, or rugulose, 
rarely noticeably punctate and then punctures much less pro-
found than those on pronotum .. .. . . . .. . . . ... . .. . . . .. . .. . . .. .... ... ..... .. . .. . . .. . . .. . . .. .. 7 
4. Lateral margins of pronotum irregularly but distinctly serrate, at 
least a few of the teeth discrete and clean cut (fig. 12) .......... .... .. .. 5 
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Lateral edge of pronotum smooth or only granulate or obsoletely 
and minutely crenulate . . .. . . . . ... . . .. . . . . .. . . . . . .. . .. ...... . ... . . . . ... ... . .. . . ... . . . . . .. .. . ... 11 
5. Tylus strongly produced, reaching at least to apical fifth of the 
first antennal segment. Distance from eye to apex of antennifer-
ous tubercule greater than length of eye .... .. serratus (Fabricius) 
Tylus less strongly produced, reaching only to about apical third 
of antennal I. Distance from eye to apex of antenniferous tuber-
cule not greater than length of eye . .... . ... .. .. .. .. .. .. .... .. ........ ... ... . .. .. .. .. .. 6 
6. Antennal III 1/ 2 longer than IL Hind femora shorter. Corium 
reaching apex of abdomen. From Galapagos Islands .. .............. .. 
............ ............... ............ .. ........ ... ... ... ......... .... . .. .. .. ...... disjunctus Barber 
Antennals II and III usually subequal. Widespread throughout 
neotropical and tropical America .. .... ........... ............... dorsalis Burm. 
7. Lateral edge of pronotum serrate in front, becoming crenulate 
backwards (fig. 8) . First rostral segment reaching front edge of 
prosternum . . .. .. . . ... . . . .. . .. . . . .. . . ... . . . . . . . . . .. . . .. .. .. .. . ... . . . ... .. . .. . . . . . . . .. . .. ... . . . .. .. . . . . . . . 8 
Lateral edge of pronotum smooth or only obsoletely granulate or 
crenulate. First segment of rostrum not or barely going beyond 
a point opposite hind margin of eyes ............ .. .. ............ .............. ........ 9 
8. Bucculae of nearly uniform height throughout their length, termi-
nating abruptly opposite front margin of eyes, the extreme hind 
end free (fig. 3) . Pronotum relatively flat, gradually declivent 
and narrowed anteriorly, the sides nearly straight .................. ....... . 
........ .................... .. ............................ .. ........ ... ...... ... .... .... nebulosus Stal 
Bucculae gradually tapering backwards, going beyond front mar-
gin of eyes, the tip not free. Pronotum strongly declivent anterior-
ly and sinuate laterally, the humeri broadly rounded and some-
what flaring .... ......... .. ... .. ....... .... .... ...... ............ ......... ... ... formosus Dist. 
9. Form broad, the reflexed sides of pronotum wide, the humeri 
somewhat flaring. Antennal I surpassing tylus by a distance equal 
to diameter of eye .. ...... ................ .. .. .. ..... .... ... .. .... ..... ..... ... ....... ....... ... ...... 10 
Smaller and narrower. Pronotum more gradually widened back-
wards, the sides less strongly explanate. Antenna! I shorter and 
not so incrassate, surpassing tylus by a distance distinctly less 
than diameter of eye. Membrane immaculate ....... . bicolor Distant 
10. Humeri subprominent. Membrane immaculate. Antennal seg-
ments more slender ............. ......... ........................ .. subrufus Distant 
Humeri flaring. Membrane speckled. Antenna! segments shorter 
and stouter .................. .... .. ... ........... ........ ... ............. ... . croceus Gibson 
11. Side margin of pronotum consisting of only a raised granulate 
line, neither explanate nor reflexed. Hemelytra with 3 or 4 cells 
R, M, M 1, and Cu) in part hyaline and impunctate ............ ............. . 
...................................... ......................................... .. .. .. ... angustatus V.D. 
Sides of pronotum more or less distinctly explanate and usually 
somewhat reflexed. Hemelytra at most with only one cell (R) 
in part impunctate ....... ....... .... .... ... .. . .. .. .... .. ..................... ...... ..... .. ... .... ... 12 
12. Antenna! I barely exceeding apex of tylus. Hemelytra with a row 
of dark spots within costal margin. Membrane spotted with brown 
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.. ......... ...... ....... ........... .. .... ........... ... ...... .... ......... .. .... .. ... . fraterculus (Say) 
Antennal I exceeding apex of tylus by 1/s to 112 its own length. Costa! 
margin of hemelytra and membrane sometimes spotted but not 
always so ......... .. ......... ..... .. .. ..... ..... ..... ... ... .. .. .. ... ....... ...... .. ... ... ... ... .... .... .... 13 
13. Bucculae and first segment of rostrum subequally long, extending 
to base of head (fig. 2) .... .. .. .. .... .... .. .. ............ ... ...... ....... .. .. ....... .. .. ... .... .. 14 
First rostral segment 1/s to 1h longer than bucculae, these latter not 
reaching behind a point opposite middle of eyes ... ... .. ... .. .. ... .. . .. ....... 16 
14. Pronotum rather flat, the sides not or only slightly reflexed, their 
edges almost straight (fig. 9) . Antennae shorter than head, pro-
notum and scutellum combined. Size less than 5 mm ....... ............ 15 
Protonum with lateral margins rather distinctly reflexed. their 
edges broadly concave. Size large, 6-9 mm . ... . reflexulus (Say) 
15. Distinctly fusiform. Antenna! I , II, and III subequal in length. 
Membrane immaculate ..... .. .... .. .. .................... .... ... fusiformis Harris 
Elongate-oval Antenna! .III 1/s longer than IL Hemelytra and 
membrane speckled .. .... ..... ..... .... ... ... .. ...... ............. .... . insitivus Harris 
16. Pronotum regularly and uniformly widened posteriorly, the sides 
straight or only slightly sinuate. Length of second antenna! seg-
ment as great as width of head through eyes.. .. .... .. ... .. ...... ....... ........ 17 
Pronotum somewhat suddenly widened, the margins broad, their 
edges noticeably concave. Length of antenna! II usually not or 
barely greater than width of vertex plus one eye .... .. ..... ... .. .. .. .... .. 18 
17. Form rather elongate, the head longer than wide. Pale reflexed 
edge of pronotum smooth or practically so. Male clasper short 
and broad ........ .. .... ... .... .. ..... .. .... ... ... ...... .. .... .... ..... .. ........... prolixus Stal 
Form stouter, the head subequally as wide as long. Reflexed edge 
of pronotum distinctly, minutely crenulate. Male clasper narrow 
..... ...... .... ...... ..... ... ... .. .. .. ..... .... ..... .. ..... .... .. ...... ... .... ...... .. splendens Harris 
18. Length 9-10 mm. Antenna! II enlarged basally. Male clasper of 
the reflexulus type (figs. 6 and 7) .. .. ... .... .. .. .. ... raphimerus Spinola 
Small species, the length not over 6.5 mm. Second antenna} seg-
ment stoutest at apex. Male clasper of the procerus type 
(fig. 5) ... ... ..... ..... ......... ... ..... .... .......... .... ........ .... .... .. ... .. ... ..... .. .. ... .... ......... 19 
19. Reflexed side margin of pronotum broad, as wide as an eye. Width 
of pronotum fully 21/2 times median length .... .. .... gemellus Harris 
Side margin of pronotum not nearly as wide as an eye. Width of 
pronotum barely 2 times its median length .. ...... .. .. .... .. .. .. ... . .. . .. .. . .. 20 
20. Membrane immaculate ................ .... ... .. ....... marmoratus (Blanchard) 
Membrane speckled .. .. ... .. .... ........ ..... .. .. ................ .. montivagus Distant 
21. Lateral margins of pronotum distinctly explanate and reflexed. 
Bucculae embracing not much more than basal half of first 
rostral segment . . . . . . .. . . . .. . . . . . . .. . ... . . . .. .. .. . .. . . . . . . . .. . . ... . . . ... . . .. ..... . . . .. .. . . . . .. . .. .. .. .. 22 
Side margin of pronotum consisting of only a raised, granulate 
line whose width is less than diameter of second antenna! seg-
ment. Bucculae embracing first rostral segment for its entire 
length ........... .. ....... .... .. .... ........ ............ .. .... .. corizoides Jensen-Haarup 
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22. Lateral edge of pronotum strongly concave, the humeral angles 
flaring and projecting outward so that distance across them is 
distinctly greater than width across base of hemelytra (fig. 11) 
....... ............. .... ... ........ ....... ... ..... ...... .............. ................ ...... confinis Harris 
Sides of pronotum almost straight or only slightly concave, the 
humeral angles neither raised nor flaring and not or barely pro-
jecting beyond sides of hemelytra ................... ................................... 23 
23. Form rather elongate, the head slightly longer than broad, the 
width of pronotum distinctly less than twice its median length. 
Second antennal segment usually somewhat enlarged at base. 
Membrane usually with more or less distinct dark streaks.......... 24 
Form proportionally broader, the head not or barely as long as 
broad; the pronotum twice as broad as long. Second antenna! seg-
ment not enlarged basally. Membrane immaculate ...... .. ...... .... .. .. 25 
24. Pronotum relatively flat, only feebly impressed each side of median 
raised line. Hind margin of genital segment of male broadly, con-
vexly produced at the middle (fig. 5) .............. .... .. .. procerus Berg 
Pronotum more strongly arched, the impressions on each side of 
median raised line broader and more profound. Hind margin of 
male genital capsule truncate, not produced (fig. 4) ...... ............... . 
.......... .................... ............ ...... ............... ..... .... ........ .... .. .. imitabilis Harris 
25. Bucculae gradually tapering backwards . ........... ... ....... .. . . . . . . .. . . . . .. . . .... .. 26 
Bucculae only slightly tapering, terminating abruptly, the hind 
end almost truncate (fig. 1) ..... ........... .................... petulans Harris 
26. Length of second antennal segment subequally as great as width of 
head across eyes. Pronotal margin narrow, rather sharply re-
flexed .......... .. ..... ..... ........ ......... ... ............ ............ ........ ...... .. apicatus Stal 
Length of antennal II not greater than diameter of vertex plus one 
eye. Pronotal margin broader, only slightly reflexed ............. ........ . 
.... .......... .. .... .... ... .. .......... ........... ................ ..... ............... minor (Spinola) 
LIST OF SPECIES WITii TiiEIR RANGE 
affinis Dallas, 1852 .. ........... .. ............. ( = dorsalis Burmeister; new synony-
my) 
angustatus Van Duzee, 1918 ........ Calif., Ariz., N. Mex., Tex. 
apicatus Stal, 1860 .... .. .................. Argentina, Paraguay, Bolivia, Brazil 
bicolor Distant, 1881 ... .... ..... ........ Mexico, S. W. United States 
brevispinis Blote, 1934 .... ............ Bolivia 
bruesi Bergroth, 1913 ...... .............. (= reflexulus Say) 
chilensis Dallas, 1852 ... ..... ... ........... ( = minor Spinola) 
con finis Harris, 1942 ......... ... .......... .. Chile 
corizoides Jensen-Haarup, 1924 .... Argentina • 
corazonu,s Distant, 1893 ..... ........ .. . Chile 
costalis Herrich-Scheaffer, 1853 .... (= reflexulus Say) 
croceus Gibson, 1917 .................... Calif., Ore., Tex. 
disjunctus Barber, 1925 ...... ........ .. Galapagos Islands 
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dorsalis Burmeister, 1835 ... .. ....... Mexico, Tex., Fla., West Indies, Central 
and South America 
formosus Distant, 1881 .... .. ...... .... Mexico 
fraterculus (Say), 1832 ...... .... ... ... New Jersey south to Fla. and west to 
Calif. 
fusiformis Harris, 1942 ............ .... Peru 
gemellus Harris, 1942 ... ... .... ....... ... Argentina, Peru 
gracilis Reed, 1900 ....... ...... ... ...... .. .. (belongs to Xenogenus Berg) 
gravidator Fabricius, 1794 ............ (= serratus Fabricius) 
imitabilis Harris, 1.942 ........ ........ .... Argentina 
incisuratus Distant, 1881 .. ... ... .. .. Columbia 
insitivus Harris, 1942 ........... ... .. .... Chile 
marmoratus (Blanchard), 1852 .... Chile 
minor (Spinola), 1852 ... .. ........... Chile 
montivagus Distant, 1893 .. .......... Chile 
nebulosus Stal, 1862 ......... ....... .. .. .... Mexico, Guatemala 
ochraceus Blote, 1934 ..... ..... ....... ... Venezuela 
perpunctatus Dallas, 1852 .. .... ........ (= serratus Fabricius) 
petulans Harris, 1942 ....... ............. Bolivia, Peru, Argentina 
procerus Berg, 1879 ................ .... Argentina, Uruguay 
prolixus Sta.I, 1860 .. .......... .... ........ Brazil, Paraguay, Bolivia, Argentina 
propinquus Distant, 1881 ............ (belongs to Aufeius Stal) 
raphimerus (Spinola) , 1852 ........ Chile 
reflexulus (Say) , 1832 ..... ........... throughout United States 
serratus (Fabricius), 1794 ........ ... . Tropical America 
signoreti Reed, 1900 .. ..... .. .... .... ....... ( = raphimerus Spinola) 
splendens Harris, n. sp . ....... ......... Bolivia, Brazil 
subrufus Distant, 1881 ................ Guatemala; Tex. 
virescens Dallas, 1852 .... ....... ........ . (= reflexulus Say) 
EXPLANATION OF FIGURES 
Fig. 1. Head of H . petulans Harris. 
2. Head of H. reflexulus (Say). 
3. Head of H. nebulosus Stal. 
4. Male genital segments of H. imitabilis Harris. 
5. Male genital segments of H. procerus Berg. 
6. Male paramere of H . reflexulus (Say) . 
7. Male paramere of H. dorsalis Burm. 
8. Pronotum of H. nebulosus Stal. 
9. P!onotum of H. insitivus Harris. 
10. Pronotum of H. gemellus Harris. 
11. Pronotum of H. confinis Harris. 
12. Pronotum of H. serratus (Fabr.). 
13. Pronotum of H. procerus Berg. 
14. Typical venation of Harmostes hemelytron. 
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Idaho is of especial interest to the collector and student of insect 
distribution, because of its varied topography and great range of latitude. 
This preliminary list of the Hemiptera of the state is the outgrowth of 
much general collecting by various workers over a period of years and 
by the senior author during the months June to August, inclusive, 1938. 
Comparable lists are available for British Columbia by Downes1 and 
for Utah by Knowlton and Harmston2• 
The British Columbia list records 196 species, exclusive of the 
miridae and corixidae, and the Utah list records 134 species exclusive 
of these two families. In comparison the present study discloses the 
known occurrence in Idaho of 233 forms. Unquestionably the list will 
be considerably expanded as more intensive collecting is done in the 
state. 
It is desirable in a study of this type to give seasonal distribution 
as well as geographical distribution and other pertinent data concerning 
the different species. Because of the limitations of publication space, 
however, it has been necessary to exclude much of this data. The locali-
ties are cited alphabetically, and only the earliest and latest dates of 
seasonal capture are given. Some forms are recorded without specific 
names or are questionably referred to a given species. This has seemed 
desirable because they represent possible unnamed forms and are in 
the hands of specialists for study or are represented by too few specimens 
for accurate identification. The miridae and corixidae are yet to be 
identified. 
Through the courtesy of Mr. J. R. Douglass it has been possible 
to include records of certain species in the collections of the Twin Falls, 
Idaho, Laboratory of the Bureau of Entomology and Plant Quarantine. 
These are indicated with the a~terisk. 
Family SCUTELLERIDAE 
Homaemus aeneifrons (Say). Kendrick, Moscow Mt.; Aug. 13-20. 
Homaemus bijugis Uhl. Carey, Grangeville, Kendrick, Moscow Mt., 
Parma, Shoshone, Troy; June 19-Aug. 26. 
Eurygaster alternatus (Say). Bovill, Buhl, Burley, Clarkia, Coeur d'Alene, 
Genesee, Grangeville, Hollister, Kootenai, Lowman, McCall, Mos-
---
1 Downes, W., A preliminary list of the Heteroptera and Homoptera of British 
Columbia. Proc. Ent. Soc. of British Columbia, No. 23, 1927, pp. 3-22. 
•Knowlton, G. F., and F. C. Harmston, Utah insects, Hemiptera, Utah Agr. Exp. 
Sta., Mimeo. Ser. 200 (Tech.), part 6, 1940. 
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cow, Potlatch, Rigby, Salmon, Santa, Troy, Twin Falls; May 30-
Aug. 27. 
Eurygaster shoshone Kirk. Juliaetta, Kendrick, Lewiston, Moscow Mt.; 
April 4-Aug. 13. 
Vanduzeeina sp. Moscow Mt.; July 20. 
Family CYDNIDAE 
Pangaeus discrepans Uhl. (Recorded by Van Duzee, 1904). 
Aethus obliquus (Uhl.).* Burley, Hazelton, Hollister, Hubbs Butte, 
Jerome; May 25-Sept. 12. 
Aethus testudinatus Uhl.* Burley, Twin Falls; June 27-July 1, in wind 
vane trap. 
Galgupha nitiduloides (Wolf). (Recorded from the state by McAtee 
and Malloch). 
Amnestus spinifrons (Say). Hollister, Lewiston; May 8-Nov. 3. 
Cydnoides renormatus (Uhl.)* Hollister; Sept. 18, in wind vane trap. 
Geotomus parvulus Sign.* Wendell; Aug. 17, in wind vane trap. 
Allocoris extensa (Uhl.). Ashton, Bruneau, Grangeville, Kendrick, Le-
nore, Moscow Mt., Santa, Troy, Weippe; May 10-Aug. 27. 
Allocoris pulicaria (Germar). Moscow, Santa, Troy; March 7-Aug. 27. 
Allocoris incognita McAtee and Malloch. Kootenai, Moscow Mt.; July 
8-Aug. 20. 
Allocoris nigra (Dallas). Clarkia, Moscow, Troy; June 28-Aug. 21. 
Allocoris virilis McAtee and Malloch. Bruneau, Camas Prairie, Craters 
0£ Moon, Mountain Home, Parma, Weiser; June 15-July 21. 
Family PENTATOMIDAE 
Brochymena quadripustulata (Fabr.). Boise, Emmett, Moscow, Parma; 
April 12-0ct. 11. 
Brochymena affinis Van Duzee. Moscow; March 11-0ct. 15. 
Brochymena sp. Regina, June 23. A unique female, apparently near B. 
sulcata Van Duzee. 
Peribalus limbolarius Stal. Buhl, Castleford, Emmett, Hollister, Ken-
drick, Lewiston, Moscow, Sandpoint, Santa, Shoshone; May 4-
0ct. 21. 
Peribalus abbreviatus Uhl. Craters 0£ Moon, Genesee, Kendrick, Mos-
cow Mt., Payette; May 23-0ct. 9. 
Peribalus tristis Van Duzee. Moscow Mt., Santa; July 10-Aug. 27. 
Trichopepla grossa Van Duzee. Kootenai, Lenore, Moscow Mt.; May 10-
July 20. 
Trichopepla aurora Van Duzee. Juliaetta, Moscow Mt.; May 10-July 20. 
Trichopepla californica Van Duzee. Grangemont, Moscow Mt.; May 13-
Aug. 26. 
Chlorochroa uhleri Stal. Bruneau, Burley, Clarkia, Grangeville, Hager-
man, Jerome, Kendrick, Montpelier, Moscow Mt., Nezperce, Regina, 
Rexburg, Rigby, Rupert, Shoshone, Twin Falls; June 14-Sept. 10. 
Occasionally very numerous on wheat in southeastern Idaho. 
Chlorochroa sayi Sta.I. Twin Falls; June 17-July 25. 
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Chlorochroa ligata (Say). Craters of Moon, Kootenai, Lenore, Moscow; 
May 19-0ct. 29. 
Carpocoris remotus Horvath. Burley, Castleford, Grangeville, Hollister, 
Kendrick, Moscow, Oakley, Potlatch, Rexburg; May 2-0ct. 19. 
Euschistus conspersus Uhl. Bovill, Juliaetta, Kendrick, Kootenai, Lewis-
ton, Moscow, Potlatch, Troy; May 28-Aug. 24. 
Euschistus variolarius (P. B.). Genesee, Juliaetta, Kendrick, Parma, 
Preston, Rigby; May 16-Aug . . 13. 
Euschistus inflatus Van Duzee. Boise, Burley, Magic Reservoir (Sho-
shone), Moscow Mt., Twin Falls; June 11-Sept. 23. 
Coenus delius (Say). Kendrick; Aug. 13. 
Neottiglossa undata (Say). Lewiston, Moscow Mt., Potlatch, Santa, 
Troy; May 10-Aug. 27. 
N eottiglossa tumidifrons Downes. Craters of Moon, Kendrick, Lenore, 
Moscow; May 28-Aug. 26. 
Cosmopepla bimaculata (Thomas). Salmon; July 8. 
Cosmopepla conspicillaris (Dallas). Mesa, Orofino, Santa; July 17-Aug. 
27. 
Cosmopepla uhleri Montandon. Buhl; Aug. 1. 
Eysarcoris intergressus (Uhl.). Kendrick, Moscow Mt.; July 13-20. 
Prionosoma podopoides Uhl. Bruneau, Regina; July 23. 
Thyanta custator (Fabr.). Buhl, Bruneau, Dayton, Hollister, Kendrick, 
Lenore, Lewiston, McCall, Moscow, Riggins; March 1-0ct. 14. 
Thyanta rugulosus (Say). Bruneau, Regina, Twin Falls; June 18-23. 
Thyanta punctiventris Van Duzee.* Glenns Ferry, Tuttle; April 6-
Aug. 27. . 
Thyanta brevis Van Duzee. Buhl, Aug. 1. 
Banasa sordida (Uhl.). Moscow Mt.; July 20. 
Banasa dimidiata (Say). Kootenai, Moscow Mt.; May 6-0ct. 20. 
Meadorus lateralis (Say). Recorded in the literature from Idaho. Speci-
mens are at hand from Oregon and Washington. 
Elasmostethus cruciatus (Say). Santa; July 4-Aug. 21. 
Perillus bioculatus (Fabr.). Bruneau, Lewiston, Moscow, Parma, Sal-
mon, St. Anthony; Feb. 20-Aug. 26. 
Perillus bioculatus var. clauda (Say). Jerome, Moscow Mt., Parma, 
Salmon; July 10-Aug. 26. · 
Perillus exaptus (Say). Santa; Aug. 27. 
Apateticus crocatus (Uhl.). Moscow Mt., Potlatch; Aug. 8-26. 
Apateticus bracteatus (Fitch). Record from the literature, Van Duzee, 
1917. 
Podisus modestus (Dallas). Moscow Mt.; July 26. 
Podisus sereiventris Uhl. Recorded from Idaho by several authors. 
Podisus placidus (Uhl.). Rigby; June 28. 
Podisus pallens Stal. Lewiston, Moscow Mt.; April 4-Aug. 24. 
Family COREIDAE 
Leptoglossus occidentalis Heideman. Lenore, Lewiston, Moscow Mt., 
Parma, Santa, Shoup; Apr. 5-Dec. 13. 
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Chelinidea vittiger Uhl. Craters of Moon, Rexburg, St. Anthony; June 
15-Sept. 16. 
Anasa tristis DeGeer. Caldwell, Emmett, Fruitland, King Hill, Parma, 
Payette, Preston; Jan. 15-Aug. 29. 
Coriomeris humilis (Uhl.). Athol, Kootenai, Salmon, Shoshone; June 
19-July 9. 
Ceraleptus pacificus Barber. Lewiston, Moscow; May 6-July 10. 
Family RHOPALIDAE 
Harmostes reflexulus (Say). Genesee, Hollister, Kendrick, Kootenai, 
Lewiston, Moscow, Regina, Rupert, Tuttle, Twin Falls, Weippe; 
Apr. 22-Aug. 16. 
Aufeius impressicollis Stal. Buhl, Craters of Moon, Eureka, Fruitland, 
Hollister, Lewiston, Parma, Riggins, Twin Falls; June 15-0ct. 27. 
Liorhyssus hyalinus (Fabr.). Craters of Moon, Hagerman, Hailey, Hol-
lister, Montpelier, Parma, Twin Falls; June 23-Sept. 17. 
Stictopleurus punctiventris (Dallas). Grangemont, Kendrick, Lenore, 
Lewiston, McCall, Montpelier, Moscow, Potlatch, Troy, Weippe; 
Apr. 16-0ct. 14. 
Stictopleurus plutonius (Baker)? Bruneau, Buhl, Burley, Craters _of 
Moon, Dubois, Jerome, Ketchum, Regina, Twin Falls; June 14-
Aug. 26. 
Arhyssus scutatus (Stal). Hubbs Butte; June 15. 
Arhyssus indentatus (Hambleton). Moscow, Parma; May 2-July 10. 
Arhyssus validus (Uhl.). Avon, McCall, Moscow, Potlatch; June 14-
Aug. 24. 
Arhyssus lateralis (Say). Caldwell, Fruitland, Lenore; May 19-July 20. 
Arhyssus lateralis roseus (Baker). Bruneau, Glenns Ferry, Rigby; June 
23-Sept. 5. 
Arhyssus barberi Harris. Hagerman, Kendrick, Lewiston, Moscow Mt., 
Troy, Tuttle, Twin Falls; Apr. 22-Sept. 3. 
Arhyssus crassus Harris. Grangeville, Lenore, Lewiston, Moscow, 
Parma, Troy; Apr. 28-Aug. 21. 
Arhyssus brevipilis Harris. Kendrick, Kootenai, Moscow Mt.; July 8-20. 
Arhyssus tuberculatus (Hambleton). Kendrick, Moscow Mt., Troy; July 
13-0ct. 21. 
Leptocoris trivittatus (Say). Boise, Moscow, Nampa, Potlatch; Apr. 
10-Dec. 1. 
Family CORISCIDAE 
Megalotomus quinquespinosus (Say). Coeur d'Alene, Moscow Mt., Pot-
latch; July 20-Aug. 26. 
Coriscus pluto (Uhl.). Moscow, Potlatch; June 10-Aug. 24. 
Coriscus conspersus (Montd.). Ashton, Buhl, Clarkia, Fruitland, Hollis-
ter; Aug. 4--20. 
Coriscus conspersus infuscatus Fracker. Moscow Mt.; Aug. 26. 
Tollius curtulus (Stal.) Kendrick; Aug. 13. 
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ToHius setosus (Van Duzee). Bovill, Craters of Moon, Kendrick, Mos-
cow Mt.; June 26-Aug. 13. 
Family ARADIDAE 
Aradus furnissi Usinger. Moscow Mt. , Aug. 20. 
Aradus funestus Bergr. Moscow; Apr. 16-Dec. 1. 
Aradus lugubris Fallen. Moscow Mt., Sandpoint; Apr. 2-0ct. 3. 
Aradus lugubris nigricornis Reuter. Weippe; July 5. 
Aradus cinnamomeus antennalis Parshley. Moscow Mt., Santa, Worley; 
May 1-Aug. 27. 
Aradus vadosus Van Duzee. Moscow; Mar. 12, under bark of poplar. 
Aradus medioximus Parshley. Moscow Mt., Potlatch; June 6-Aug. 24. 
Aradus blaisdelli Van Duzee. Craig Mts., Moscow Mt.; June 6-Aug. 26. 
Aradus probascideus Walker. Moscow Mt. , Troy; July 16-Aug. 20. 
Aradus taylori Van Duzee. McCall; Aug. 10. 
Aradus debilis Uhl. Moscow Mt.; Aug. 20. 
Aradus parvicornis Parshley. Moscow Mt. , Aug. 26. 
Aradus abbas Bergr. Bonanza, Rexburg; June 22-Aug. 21. (Literature 
records) . 
Aradus insoletus Van Duzee. Worley; May 14. 
Aradus orbiculatus Van Duzee. Moscow Mt.; Oct. 29. 
Aneurus simplex Uhl. Lake Chatcolet, Moscow, Pierce; May 22-July 17. 
Mezira pacifica Usinger. Moscow Mt.; Apr. 5-Aug. 20. 
Family NEIDIDAE 
Neides muticus (Say). Grangeville, Hollister, Kootenai, Lewiston, Mos-
cow, Santa, Troy; Apr. 17-0ct. 11. 
Jalysus wickhami Van Duzee, Donnelly, Hagerman, Hollister, Kimama, 
Kootenai, Moscow, Troy, Tuttle; May 19-0ct. 19. 
Acanthophysa idaho Harris. Grangeville; June 20. 
Acanthophysa echinata Uhl. Craters of Moon, Regina; June 23-28. 
Family L YGAEIDAE 
Lygaeus kalmii Stal. Buhl, Cascade, Clarkia, Fruitland, Glenns Ferry, 
Hailey, Hollister, Montpelier, Moscow Mt.; Apr. 6-Sept. 24. 
Lygaeus admirabilis Uhl. Kootenai, Moscow Mt.; July 8-20. These 
specimens are very small and brachypterous and are questionably 
referred to this species. 
Lygaeus bicrucis Say. Genesee, Lenore, Moscow; Apr. 16-Aug. 26. 
Lygaeus pyrrhopterus Stal. Buhl; Aug. 1. 
Lygaeus lateralis Dallas. Magic Reservoir, Lincoln Co.; June 25. 
Ortholomus scolopax (Say) . Craters of Moon, Kendrick, Kootenai, Le-
nore, Moscow Mt., Potlatch, Troy, Tuttle; May 19-Aug. 24. 
Ortholomus nevadensis Baker. Buhl; June 24. 
Nysius ericae (Schill.). Carey, Eureka, Juliaetta, Kootenai, Moscow, 
Regina, Rexburg, Rigby, Salmon; May 28-Sept. 26. 
Nysius minutus Uhl.* Burley, Hagerman, Hansen, Hollister; May 31-
0ct. 15. 
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Nysius strigosus Uhl. Craters of Moon, Hazelton, Hollister, Kootenai, 
Moscow, Potlatch, Rupert, Twin Falls; July 2-Aug. 7. 
Nysius thymi (Wolff).* Buhl, Castleford; Sept. 18-0ct. 17. 
Nysius sp. Kootenai, Moscow, Regina, Santa; Mar. 3-Aug. 27. 
Ischnorrhynchus resedae (Panzer). Buhl, Moscow Mt., Santa; July 10-
Aug. 27. 
Ischnorrhynchus fransciscanus (Stal). Craters of Moon, Kendrick, Koo-
tenai, Moscow, Potlatch, Troy; June 26-0ct. 26. 
Cymus luridus Sta.I. Bovill, Caldwell, Grangemont, Harvard, Moscow, 
Potlatch, Santa, St. Anthony; May 17-Aug. 27. 
Arphnus coriacipennis (Stal). Moscow, Moscow Mt.; Mar. 10-July 23. 
Geocoris bullatus (Say) . Bovill, Buhl, Eureka, Kendrick, Moscow, Par-
ma, Rigby, Roseworth, Shoshone, Twin Falls; Mar. 10-Aug. 17. 
Geocoris decoratus Uhl. Eureka, Fruitland, Kendrick, Kootenai, Lewis-
ton, Moscow Mt., Potlatch,- Riggins; June 20-July 23. 
Geocoris atricolor (Montd.). Fruitland, Moscow Mt., Tuttle, Wendell; 
Feb. 5-Sept. 16. 
Geocoris uliginosus (Say). Bovill, Cascade, Kendrick, Kootenai, Moscow 
Mt., Troy; July 8-Aug. 26. 
Heterogaster behrensi (Uhl.). Bellevue, Hailey, Twin Falls; June 14-
July 30. 
Crophius bohemani (Sta.I) . Kendrick, Lewiston, Moscow; May 8-Aug. 
13. 
Crophius ramosus Barber. Burley, Hansen, Hollister, Hubbs Butte, 
Jerome; May 29-June 16. 
Crophius scabrosus Uhl.* Hollister, Twin Falls; Oct. 8-16. 
Sphaerobius insignis (Uhl.). Hollister, Kootenai, Moscow; June 24-
Aug. 4. 
Ligyrocoris diffusus (Uhl.) . Bovill, Genesee, Kootenai, Moscow Mt., 
Troy; July 2-17. 
Ligyrocoris latimarginatus Barber. Kendrick, Moscow Mt.; July 10-
Aug. 20. 
Ligyrocoris sylvestris (Linn.). Bovill, Clarkia, Kendrick, Moscow Mt., 
Troy; July 13-Aug. 21. 
Sisamnes clavigera (Uhl.). Kendrick, Moscow; Mar. 10-Aug. 13. 
Neosuris castanea (Barber). Kendrick; Aug. 13. 
Peritrechus fraternus Uhl. Buhl, Moscow, Regina, Wendell; June 23-
Nov. 6. 
Peritrechus tristis Van Duzee. Moscow, Troy; Feb. 24-Nov. 15. 
Peritrechus saskatchewanensis Barber. Jerome, Moscow, Rupert, Troy; 
July 30-Aug. 21. 
Cligenes sp.? Kendrick; Aug. 13. 
Sphragistus nebulosus (Fallen). Juliaetta, Moscow, Potlatch, Santa, 
Twin Falls; Mar. 10-Aug. 26. 
Malezonotus angustatus (Van Duzee). Moscow Mt. , Parma, Santa; Feb. 
24-Nov. 14. 
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Malezonotus sodalicus (Uhl.). Lewiston, Moscow, Moscow Mt.; Mar. 
10-Aug. 16. 
Emblethis vicarius Horvath. Burley, Hagerman, Hubbs Butte, Ken-
drick, Lewiston, Moscow, Potlatch; Mar. 10-0ct. 6. 
Eremocoris melanotus Walley. Moscow; Apr. 2. 
Eremocoris semicinctus Van Duzee. Moscow; Oct. 14. 
Eremocoris obscurus Van Duzee. Moscow Mt., Santa, Troy; July 10-
Aug. 27. 
Eremocoris canadensis Walley. Moscow Mt.; Mar. 11. 
Scolopostethus pacificus Barber. Moscow, Moscow Mt., Potlatch; Mar. 
10-Nov. 16. 
Scolopostethus thomsoni Reuter. Moscow, Troy; Mar. 10-July 16. 
Scolopostethus tropicus Distant (?) Moscow; Mar. 10-May 10. 
Cryphula apicatus (Distant). Kendrick; Aug. 13. 
Family PIESMIDAE 
Piesma cinerea (Say). Jerome, Moscow, Potlatch, Riggins; Mar. 10-
Sept. 4. 
Family TINGITIDAE 
Corythucha immaculata 0. & D. Hailey, Moscow Mt., Santa; Apr. 21-
. July 4. 
Corythucha distincta 0. & D. Moscow; May 15. 
Corythucha padi Drake. Moscow, Potlatch; Aug. 8-24. 
Corythucha obliqua 0. & D. Burley, Moscow, Tuttle; June 1-Sept. 9. 
Corythucha salicata Gibson. Council, Jerome, Lewiston, Moscow Mt., 
Potlatch, Santa, Twin Falls; May 8-Aug. 27. 
Corythucha morrilli 0. & D. Amsterdam, Murtaugh; July 23-Aug. 19. 
Corythucha marmorata Uhl. Kootenai; July 8. 
Gargaphia solani Heideman. Lewiston; May 5. 
Gargaphia opacula Uhl. Regina; June 23. 
Physatocheila variegata Parshley. Lewiston, Rigby, St. Anthony; May 
30-June 28. 
Hesperotingis occidentalis Drake. Kootenai, McCall; July 8-31. 
Telecm,emia nigrina Champion. Potlatch, Santa; June 20-Aug. 27. 
Monanthia labeculata Uhl.* Hollister; Oct. 5. 
Family PHYMATIDAE 
Phymata borica Evans. Pocatello. (Evans' record) . 
Phymata metcalfi Evans. Hansen, Wickahoney;' July 29-Aug. 3. 
Phymata pennsylvanica coloradensis Melin. Arrow, Kendrick, Moscow, 
Riggins; Aug. 6--0ct. 2. 
Family REDUVIIDAE 
Em;picoris pilosus (Fieber). Moscow Mt.; Aug. 20. 
Empicoris culiciformis (De Gerr) . Moscow; April. 
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Empicoris sp. (?). Moscow Mt.; July 10. 
Metapterus banksi (Baker). Moscow Mt.; Oct. 15. 
Reduvius personatus (Linn.). Fruitland, Kendrick, Moscow, Parma; 
June 29-July 25. 
Zelus socius Uhl. Buhl, Craters of Moon, Sun Valley, Twin Falls; June 
25-Aug. 27. 
Rhynocoris ven_tralis (Say). Kendrick, Moscow, Troy, Weippe; Apr. 28 
-July 28. 
Pselliopus spinicollis Champion. Kendrick, Lewiston, Moscow Mt.; Apr. 
21-July 13. 
Fitchia spinulosa Stal. Kendrick, Moscow, Parma; Apr. 3-Aug. 6. 
Sinea diadema (Fabr.). Buhl, Eureka, Kendrick, Lewiston, Moscow Mt., 
Parma, Regina, Troy; May 27-Aug. 26. 
Sinea· ·confusa Caudell.* Tuttle; Sept. 19. 
Family NABIDAE 
Pagasa fusca (Stein). Kendrick, Moscow, Moscow Mt., Rigby, Riggins; 
June 20-Sept. 5 . 
Nabis nigrovittatus Sahlberg. McCall; Aug. 10. 
Nabis heidemanni (Reuter). Kendrick, Moscow Mt.; July 20-Aug. 26. 
Nabis subcoleoptratus (Kirby). Clarkia, Moscow, Potlatch, Santa; July 
5-Aug. 27. 
Nabis alternat'lls Parshley. Bruneau, Buhl, Clarkia, Grangeville, Ken-
drick, Kootenai, Orofino, Parma, Potlatch, Rexburg, Rupert, Sand-
point, Sun Valley, Troy; June 20-Aug. 24. 
Nabis roseipennis Reuter. Moscow Mt., Potlatch, Santa, Troy; Aug. 
15-27. • 
Nabis ferus (Linn.). McCall, Moscow Mt., Potlatch, Rupert, Troy; July 
20-Aug. 24. 
Nabis vanduzeei Kirkaldy. Grangeville, Lenore, Montpelier; May 19-
June 27. 
Nabis inscriptus Kirby. Literature records. Ranges from Colorado into 
Alberta, Canada. 
Nabis rufusculus Reuter. Moscow Mt.; Sept. 20-0ct. 14. 
Family CIMICIDAE 
Cimex pilosellus (Horvath). Boise; Nov. 10. 
Cimex lectularius Linn. Fairfield, Kendrick, Moscow, Parma; July 24-
Aug. 27. 
Family ANTHOCORIDAE 
Anthocoris antevolens White. Bovill, Buhl, Cascade, Hazelton, Moscow, 
Potlatch, Rigby, Salmon, Santa, St. Anthony; Mar. 10-0ct. 10. 
Anthocoris melanocerus Reuter. Bovill, Hailey, Moscow Mt., Rigby, 
Sandpoint, Twin Falls; Apr. 14-July 17. 
Anthocoris whitei Reuter. McCall, Moscow Mt.; July 10-Aug. 26. 
Tetraphleps latipennis Van Duzee. Moscow Mt.; July 10-Aug. 26. 
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Acompocoris sp. McCall; July 31. 
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Orius tristicolor (White). Buhl, Challis, Eureka, Gooding, McCall, Mos-
cow, Potlatch, Regina, Rigby, Santa; June 18-Aug. 27. 
Lyctocoris campestris Fabr. Moscow Mt.; Aug. 26. 
Lyctocoris sp. Moscow Mt.; Aug. 26. 
DufourielliLS ater (Dufour). Lewiston, Moscow Mt.; Feb .. 22-Aug. 26. 
Xylocoris galactinus Fieber.* Castleford, Hansen, Jerome, Tuttle; Aug. 
5-Sept. 15. 
Xylocoris cursitans (Fallen). Moscow, Moscow Mt., Santa, Troy; July 
16-0ct. 8. 
Xylocoris umbrinus Van Duzee. Hansen, Lewiston, Moscow Mt., Pot-
latch, Troy, Twin Falls; Apr. 30-Sept. 30. 
Xylocoris sp. Parma; June 22. 
Xylocoris californicus Reuter. Hagerman, Twin Falls; July 14-Sept. 19. 
Scoloposcelis flavicornis Van Duzee. Moscow Mt.; Aug. 15. 
Family GERRIDAE 
Gerris notabilis Drake and Hottes. Bovill, Lake Chatcolet, Parma, Pot-
latch, Troy; June 18-Sept. 2. 
Gerris remigis Say. Moscow, Twin Falls; Apr. 3-0ct. 13. 
Gerris nyctalis Drake and Hottes. Caldwell, Kendrick, Moscow, Troy; 
July 13-0ct. 20. 
Gerris incurvatus Drake and Hottes. Caldwell, Moscow Mt., Potlatch, 
Troy; July 9-Sept. 12. 
Gerris pingreensis Drake and Hottes. Listed by Drake and Hottes as 
occurring in Idaho. 
Gerris incognitus Drake and Hottes. Bovill, Lake Chatcolet, McCall; 
July 17-Aug. 10. 
Gerris buenoi Kirkaldy. Lake Chatcolet, Potlatch; July 17-Sept. 2. 
Metrobates trux (Torre Bueno). Caldwell, Kendrick, Santa; July 6-
Aug. 27. 
Family VELIIDAE 
Microvelia borealis Torre-Bueno. Potlatch; July 23. 
Rhagovelia excellentis Drake and Harris. Sweetwater, Webb; July 26-
Sept. 3. 
Family MESOVELIIDAE 
Mesovelia mulsanti White. Lake Chatcolet; Sept. 2. 
Family SALDIDAE 
Salda obscura Provancher. Bovill; July 17. 
SaLdula interstitialis (Say). Bovill, Bruce Meadows, Cascade, Coeur 
d'Alene, Elk River, Hazelton, Kootenai, Lake Chatcolet, Magic Re-
servoir, Moscow Mt., Potlatch, Regina; June 15-Aug. 26. 
Saldula reperta Uhl. Lake Chatcolet, Santa; July 17-Aug. 27. 
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Saldula xanthocheila (Fieber). Deer Flat, Hazelton, Riggins; June 20-
Aug. 7. 
Saldula comatula Parshley. Coeur d'Alene, Fruitland, Hazelton, Kootenai, 
Moscow Mt., Potlatch, Rupert, Troy; July 8-Aug. 24. 
Saldula explanata (Uhl.). Bovill, Moscow Mt.; July 10-Aug. 26. 
Micracantha pusilla Van Duzee. Moscow Mt., Twin Falls; July 11-Aug. 
26. 
Family NOTONECTIDAE 
Notcmecta kirbyi Hungerford. Bliss, Bovill, Burley, Council, Moscow, 
Moscow Mt., Troy; June 25-0ct. 11. 
Notcmecta unifasciata Guerin. Moscow; May 15. 
Buenoa sp. Riggins; Aug. 10. 
Family NEPIDAE 
Ranatra fusca P. B. Potlatch, Troy; Aug. 24-Sept. 12. 
Family BELOSTOMATIDAE 
Lethocerus americanus Leidy. Moscow; July 8. 
Lethocerus uhleri Montd. Moscow; July 20. 
Family GELOSTOCORIDAE 
Gelostocoris californiensis Melin. Moscow, Pollock, Starkey, Troy; July 
2-Aug. 26. 
A LIST OF FLEAS (SIPHONAPTERA) COLLECTED 
AT TAMA, IOWA1 
c. R. JOYCE AND GAINES w. EDDY 
From the Department of Zoology and Entomology, Iowa State College 
Received March 1, 1943 
During the summer and fall of 1941 the authors collected a number of 
fleas (Siphonaptera) on the Tama Indian Reservation, Tama, Iowa. A total 
of sixteen fl.ea species from eighteen different species of host animals 
were recorded, including fifteen unrecorded hosts. The fleas were ob-
tained while the authors were engaged in tick studies on the Reservation. 
As many small mammals were "live trapped" or shot during the course 
of the studies, information on the occurrence and seasonal abundance 
of several species of fleas was secured. 
The fleas were cleared and mounted according to the technique em-
ployed by Fox (1940). Unless otherwise stated all collections were 
made at Tama, Iowa, during the summer of 1941. The records are sum-
marized by giving the total number of specimens of .a species taken per 
month, followed in parentheses by the number of males and females. 
FAMILY PULICIDAE 
Cediopsylla simplex Baker 
On Sylvilagus floridanus mearnsii: April, 657 ( ~ ~ 293, 9 9 362) 
specimens on 13 host animals, averaging 50.5 per animal; May, 
526 ( .S .S 248, 9 9 278) specimens on 10 hosts, average 52.6 per animal; 
June, 344 ( .S .S 164, 9 9 180) fleas on 5 hosts, average 68.8; July, 
18 ( .S .S 9, 9 9 9) specimens on 4 animals, average 4.5 per animal; Aug., 
121 ( .S .S 41, 9 9 80) on 5 hosts, average 24.2; Sept., 61 ( .S .S 26, 9 9 35) on 
5 hosts, average 12.2; Oct., no fleas on two animals examined; Nov., 
4 ( .S .S 3, 9 1) on 6 hosts, average .66; Dec., 94 ( .S .S 39, 9 9 55) on 6 hosts, 
average 15.6. On Canis familiaris: April, 10 ( .S .S 7, 9 9 3) specimens; 
May, 2 ( .S 1, 9 1); July, 19. No effort was made to tabulate the number 
of dogs examined for fleas. The carnivorous habit of the dog probably 
accounts for the rabbit fleas taken on that animal. This is by far the com-
monest species of fl.ea from the Mearns cottontail in the area studied. 
The 56 cottontails examined averaged 32.6 fleas of this species per animal. 
Of the total number of cottontails examined 78.6 per cent were found to 
be infested, and 98.1 per cent of all fleas taken from them were C. simplex. 
The female fleas usually outnumbered the males, 825 specimens being 
males, 1000 females. 
1 The authors are indebted to Dr. G. M. Kohls, of the Rocky Mountain Spotted 
Fever Laboratory, Hamilton, Montana, for verifying the identification of most of 
the species. Appreciation is also extended to Dr. Walter L. Bierring and Dr. Carl 
Jordan of the Iowa Health Department for financial assistance and to Dr. C. J. Drake 
of Iowa State College for his interest and encouragement in the investigations. 
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Hoplopsyllus affinis Baker 
On SylviLagus floridanus mearnsii Allen: Nov. 24, 1 female flea at 
Ames, Iowa; June 18, 1942, 20 ( 5 5 16, 2 2 4) specimens from nest, Ames, 
Ia. On Peromyscus leucopus noveboracensis Fischer: Jan. 31, 1942, 3 2 2 
specimens at Ames, Ia., from 17 mice examined. This flea, which is 
usually considered a common parasite of various species of rabbits and 
hares, was not found in the Tama area. It, however, is common in some 
of the western states (Kohls, 1940). 
Ctenocephalides canis Curtis 
On Canis familiaris: April, 12; May, 17 ( 5 5 5, 2 2 12); June, 
42 ( 5 1, 2 2 41); July 15 ( 5 5 4, 2 2 11); July, 1942, 111 ( 5 5 44, 2 2 67). 
On Felis domestica: June 12, 5 2 2; Sept. 8, 3 2 2. The dog flea was very 
common on many dogs on the Reservation, although little effort was made 
to collect them. Only the above mentioned collections were made and 
recorded from the dog and the house cat from the large number of 
these animals examined during the course of the tick studies (1,132 dogs, 
22 house cats). 
Ctenocephalid9s felis Bouche 
On Canis familiaris: July 31, 1942, 5 ( 5 5 3, 2 2 2). This was the 
only record of the cat flea obtained on the Reservation. 
FAMILY DOLICHOPSYLLIDAE 
Ctenophthalmus pseudagyrtes Baker 
On Peromyscus leucopus noveboracensis Fischer: May, 3 ( 5 1, 2 2 2); 
June, 5 ( 5 5 3, 2 2 2); Aug., 2 ( 5 1, 2 1); Sept., 2 5 ; Oct., 2 5 ; Dec., 1 5 . 
On Reithrodontomys megalotis dychei Allen: Dec. 9, 12. On Microtus 
pennsylvanicus pennsylvanicus Ord.: Aug. 22, 12. On Mustela longi-
cauda spadix Bangs: April 28, 1 5 . On Spilogale interrupta Rafinesque: 
April 22, 1 2. On Scalopus aquaticus machrinoides Jackson: Oct. 24, 
82 ( 5 5 43, 2 2 39) ; April 5, 1942, 4 ( 5 5 2, 2 2 2) , at Ames, Ia. On 
Blarina brevicauda brevicauda Say: May, 12 ( 5 5 5, 2 2 7); June, 2 5 5 ; 
July, 5 ( 5 5 2, 2 2 3); Sept., 6 ( 5 5 5, 2 1); Dec., 4 ( 5 1, 2 2 3). On Geomys 
bursarius Shaw: June 21, 1 5 specimen. The harvest mouse, Reithro-
dontomys megalotis dychei, and the spotted skunk, Spilogale interrupta, 
are new host records. The flea was quite common on the short-tailed 
shrew, mole, and the Northern white-footed mouse, 82 specimens being 
collected on one mole. A total of 29 fleas were taken from 19 shrews. 
Seventy-eight and nine-tenths per cent of the shrews were infested with 
fleas, 52. 7 per cent of them of this species. As this flea is recorded in the 
literature from many animals, it evidently parasitizes almost any mammal 
with which it comes into contact. 
Conorhinopsylla stanfordi Stewart 
On Glaucomys volans volans Linnaeus: Oct. 24, 1 5 . This one speci-
men was obtained from the 19 fox squirrels and 5 flying squirrels exam-
ined. It is a parasite of squirrels. 
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Opisocrostis bruneri Baker 
On Citellus tridecemlineatus tridecemlineatus Mitchill: April, 28 
(c! 5 13, 'i? 'i? 15); May, 2 (c! 1, 'i? 1); June, 5 (c! 5 4, 'i? 1); July, 4 
( 5 5 2, 'i? 'i? 2); Aug., 35 ( 5 5 13, 'i? 'i? 22). On Sciurus niger rufiventer 
Geoffroy: Aug. 22, 1 5 . On Canis familiaris: May 19, 1 5 . On Peromys-
cus leucopus noveboracensis Fischer: May 6, 1 'i?. On Citellus franklini 
Sabine: Aug. 28, 1 'i?. The records of Opisocrostis bruneri from the fox 
squirrel, dog, and the northern white-footed mouse are new host records. 
Normally this species is a parasite of ground squirrels. 
Oropsylla arctomys Baker 
On Marmota monax monax Linnaeus: May, 81 ( 5 5 32, 'i? 'i? 49); 
June, 27 ( 5 5 15, 'i? 'i? 12) ; Aug., 5 ( ¢ 5 3, 'i? 'i? 2). On Peromyscus leuco-
pus noveboracensis Fischer: May 6, 1 'i? • This is a new host record, ap-
parently accidental, since only one specimen was obtained from the 
large number of white-footed mice examined. The woodchuck is the 
normal host, and 113 specimens were taken from eleven animals. 
Odontopsylius multispinosus Baker 
On Sylvilagus floridanus mearnsii Allen: April, 13 ( 5 5 8, 'i? 'i? 5); 
May, 13 ( 5 5 6, 'i? 'i? 7); June, 1 'i? ; Dec., 5 ( 5 5 3, 'i? 'i? 2). On Canis 
fam~liaris: May 26, 1 'i? ; May 29, 2 ( 5 1, 'i? 1). The usual host of this flea 
is the cottontail rabbit. Its occurrence on the dog may be attributed to 
the carnivorous habit of this animal. 
Orchopeas wickhami Baker 
On Sciurus niger rufiventer Geoffroy: May, 52 ( 5 5 21, 'i? 'i? 31); 
June, 8 (5 5 2, 'i? 'i? 6); Aug., 6 (c! 1, 'i? 'i? 5); Sept., 32 ( 5 5 6, 'i? 'i? 26). On 
Glaucomys volans volans Linnaeus: Sept., 1 'i? ; Oct., 10 ( 5 5 6, 'i? 'i? 4). 
This flea is common on the fox squirrel since fourteen of the twenty-four 
squirrels examined were infested, averaging 4.1 fleas per squirrel. 
Eleven fleas were also obtained from 5 flying squirrels. Tree squirrels 
are considered its normal hosts. 
Orchopeas leucopus Baker 
On Peromyscus leucopus noveboracensis Fischer: April, 36 
( 5 ¢ ll, 'i? 'i? 25); May, 165 ( 5 5 68, 'i? 'i? 97); June, 54 (5 5 21, 'i? 'i? 33); 
July, 49 ( 5 5 19, 'i? 'i? 30); Aug., 49 ( 5 5 20, 'i? 'i? 29); Sept., 117 ( 5 5 44, 
'i? 'i? 73); Oct., 60 ( 5 5 19, 'i? 'i? 41); Nov., 16 ( 5 5 4, 'i? 'i? 12); Dec., 28 
( 5 5 8, 'i? 'i? 20); Jan. (1942), 2 ( 5 1, 'i? 1) at Ames, Ia.; Feb. (1942), 5 
( 5 5 2, 'i? 'i? 3), at Ames; Mar. (1942), 14 ( 5 5 2, 'i? 'i? 12), at Ames. On 
Microtus pennsylvanicus pennsylvanicus Ord.: Mar., 5 ( 5 1, 'i? 'i? 4); May, 
8 ( 5 5 3, 'i? 'i? 5); Aug., 2 'i? 'i? • On Reithrodontomys megalotis dychei Al-
len: Sept. 11, 5 ( 5 1, 'i? 'i? 4); Oct. 14, 1 'i? ; Nov. 14, 1 'i?. On Sylvilagus 
floridanus mearnsii Allen: Dec. 13, 1 5 On Glaucomys volans volans 
Linnaeus: Oct. 24, 1 5 . On Canis famiLiaris: May 19, 1 'i? • On Rattus 
norvegicus Erxleben: June 20, 1 'i? ; June 23, 1 'i? • On Marmota monax 
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monax Linnaeus: June 4, 12. On Blarina brevicauda brevicaud.a Say: 
May 25, 1 ~. And on Didelphis virginiana virginiana Kerr.: Aug. 12, 1 ~. 
Although principally a parasite of the white-footed mouse, this species 
lives on many species of small mammals. Six new host records, namely, 
the harvest mouse, cottontail rabbit, flying squirrel, dog, rat, and wood-
chuck, are listed. It is one of the most abundant species of fleas on the 
Tama Indian Reservation, probably due to the fact that the population 
of the white-footed mouse was high. Specimens were ·taken from the 
white-footed mouse every month of the year. The numbers collected 
each month do not necessarily show the seasonal abundance trend. A 
total of 2,656 specimens of the white-footed mouse were trapped during 
the year, and only a portion of the fleas were removed each month. Since 
the authors were principally interested in the ticks they did not attempt 
to collect all the fleas from the mice other than to get a representative 
colle~tion each month. The collections show that Orchopea,s leucopus is 
active on the mouse every month of the year, although it was not as 
abundant during the fall and winter months as during the summer. Of the 
845 fleas removed from the white-footed mouse, 70.4 per cent or 595 were 
of this species. The collections for January, February, and March were 
made at Ames, Ia., in 1942, since the field studies at Tama, Ia., were 
terminated in December, 1941. 
Megabothris wagneri Baker2 
On Peromyscus leucopus noveboracensis Fischer: May 12, 12; May 
14, 1 ~; May 17, 1 ~; May 18, 1 ~; May 24, 2 ~ 2. This is evidently the 
first record of this flea on the northern white-footed mouse. It had only 
previously been recorded from the flying squirrel in Iowa. 
Nosopsyllus fasciatus Bose. 
On Rattus norvegicus Erxleben: June 23, 4 ( ~ 1, ~ ~ 3). This flea 
which occurs on the rat is almost worldwide in distribution. It is thought 
to be a possible agent in the dissemination of bubonic plague and endemic 
typhus in some localities. 
FAMILY HYSTRICHOPSYLLIDAE 
N earctopsylla genalis Baker 
On Scalopus aquaticus machrinoides Jackson: Oct. 24, 4 ~ ~; April 
5, (1942) , 2 2 2 , Ames, Iowa. On Blarina brevicaud.a brevicaud.a Say: 
Dec. 2, 1 2 ; Dec. 5, 1 ~ . The flea is known from small mammals in the 
eastern part of the United States. It seems to prefer shrews and moles 
as hosts. Fox (1940) does not give host data for the collection record 
from Iowa. The above records therefore verify the flea's occurrence on 
the shrew and mole in this state. Hubbard (1940) seems to have had 
some doubt as to the actual occurrence of this flea on the common garden 
•There is some question as to the validity of Fox's action in placing wagneri in the 
genus Megabothris . 
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mole, Scalopus aquaticus. Only two moles were examined, and specimens 
were taken from each. 
Doratopsylla curvata Rothschild 
On Blarina brevicauda brevicauda Say: May 25, 16 ( 5 5 9, 'i! 'i! 7); 
June 7, 1 5 ; July 17, 1 5 ; Sept. 10, 2 ( 5 1, 'i! 1). This flea seems to be quite 
specific to the short-tailed shrew, since it was the only animal from which 
it was taken in the Tama area. Thirty-six and three-tenths per cent of all 
fleas taken from the shrew were of this species. 
Epitedia wenmanni Rothschild 
On Microtus pennsylvanicus pennsyLvanicus Ord.: Dec. 8, 2 ( 5 1, 'i! 1). 
On Reithrodontomys megalotis dychei Allen: Nov. 6, 1 'i!; Nov. 23, 1 'i!. 
On Peromyscus leucopus noveboracensis Fischer: April, 1 'i!; May, 6 
( 5 1, 'i! 'i! 5); June, 2 ( 5 1, 'i! 1); July, 1 'i!; Sept., 15 ( 5 5 4, 'i! 'i! 11); Oct., 
31 ( 5 5 8, 'i! 'i! 23); Nov., 101 ( 5 5 37, 'i! 'i! 64); Dec., 60 U 5 20, 'i! 'i! 40); 
Feb. (1942), 6 ( 5 5 2, 'i! 'i! 4); Mar. (1942), 1 'i! . On Blarina brevicauda 
brevicauda Say: Dec. 5, 1 'i! ; Dec. 8, 2 5 5 . Although principally a para-
site of the white-footed mouse, the flea was taken from three other species 
of animals. The meadow and the harvest mouse are two previously un-
recorded hosts. Specimens were taken from the white-footed mouse 
throughout the year with the exception of the months of August and 
January. Activity was greatest during the fall and early winter months. 
During the months of November and December this species exceeded 
Orchopeas leucopus in number recorded on the northern white-footed 
mouse. Twenty-six and five-tenths per cent of the total number of fleas 
collected from the white-footed mouse were of the former species. 
HOST INDEX 
1. Virginia opossum, Didelphis virginiana virginiana Kerr. 
From two animals examined: one specimen of Orchopeas leucopus 
Baker. 
2. Large short-tailed shrew, Blarina brevicauda brevicauda Say. 
The species and numbers of fleas obtained from 19 animals examined 
are: Ctenophthalmus pseudagyrtes Baker, 29; Doratopsylla curvata 
Rothschild, 20; Orchopeas leucopus Baker, 1; Epitedia wenmanni 
Rothschild, 3; and Nearctopsylla genalis Baker, 2. 
3. Missouri Valley mole, Scalopus aquaticus machrinoides Jack. 
From 2 host animals: Ctenophthalmus pseudagyrtes Baker, 86; Nearc-
topsylla genalis Baker, 6. 
4. Dog, Canis familiaris 
Ctenocephalides canis Curtis, 75; Ctenocephalides felis, 5; Cediopsylla 
simplex Baker, 13; Opisocrostis bruneri Baker, 3; Orchopeas leucopus 
Baker, 1; Odontopsyllus multispinosus Baker, 3. · 
5. House cat, Felis domestica 
Ctenocephalides canis Curtis: 8 specimens from 22 cats examined. 
I 
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6. Prairie spotted skunk, Spilogale interru,pta Raf. 
From 2 animals, one specimen of Ctenophthalmus pseudagyrtes Baker 
7. Minnesota weasel, Mustela longicauda spadix Bangs 
Ctenophthalmus pseudagyrtes Baker, 1 specimen from one weasel. 
8. 13-striped ground squirrel, Citellus tridecemlineatus tridecemlineatus 
Mitch. 
From 45 host animals: 74 specimens of Opisocrostis bruneri Baker. 
9. Franklin ground squirrel, Citellus franklini Sab. 
Opisocrostis bruneri Baker: 1 specimen from one arlimal examined. 
10. Shaw pocket gopher, Geomys bursarius Shaw 
Ctenophthalmus pseudagyrtes Baker: one flea from 1 animal ex-
amined. 
11. Small eastern flying squirrel, Glaucomys volans volans Linn. 
From the 5 animals examined: Orchopeas wickhami Baker, 11; 
Conorhinopsylla stanfordi Stewart, 1; Orchopeas leucopus Baker, 1. 
12. Southern woodchuck, Marmota monax monax Linn. 
From 11 woodchucks: Oropsylla arctomys Baker, 113; Orchopeas 
leucopus Baker, 1. 
13. Ord meadow mouse, Microtus pennsylvanicus pennsylvanicus Ord. 
From 19 mice: Epitedia wenmanni Rothschild, 2; Orchopeas leucopius 
Baker, 15; Ctenophthalmus pseudagyrtes Baker, 1. 
14. Northern white-footed mouse, Peromyscus leucopus noveboracensis 
Fischer 
Epitedia wenmanni Rothschild, 224; Orchopeas leucopus Baker, 595; 
Hoplopsyllus afjinis Baker, 3; Opisocrostis bruneri Baker, 1; Oropsylla 
arctomys Baker, 1; Megabothris wagneri Baker, 6; Ctenophthalmus 
pseudagyrtes Baker, 15. 2,656 mice were trapped but all fleas were 
not saved. 
15. Prairie harvest mouse, Reithrodontomys megalotis dychei Allen 
From 92 mice examined; Ctenophthalmus pseudagyrtes Baker, 1; 
Orchopeas leucopus Baker, 7; Epitedia wenmanni Rothschild, 2. 
16. Barn rat, Rattus norvegicus Erxl. 
Three animals examined: N.osopsyllus fasciatus Bose., 4; Orchopeas 
leucopus Baker, 2. 
17. Western fox squirrel, Sciurus niger rufiventer Geof. -
Orchopeas wickhami Baker, 98; Opisocrostis bruneri Baker, 1, from 
24 squirrels examined. 
18. Mearns cottontail, Sylvilagus floridanus mearnsii Allen 
From 56 individuals examined: Cediopsylla simplex Baker, 1,825; 
Odontopsyllus multispinosus Baker, 32; Hoplopsyllus afjinis Baker, 
1; and Orchopeas leucopus Baker, 1. 
SUMMARY 
A total of 3,298 fleas representing sixteen species were collected and 
identified by the authors from material collected mainly on the Tama 
Indian Reservation at Tama, Ia. These were taken from eighteen different 
species of host animals. 'Fifteen previously unrecorded host records are 
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given in the list: two for Ctenaphthalmus pseudagyrtes, three for Opiso-
crostis bruneri, one for Orapsylla arctomys, six for Orchopeas leucopus, 
one for Megabothris wagneri, and two for Epitedia wenmanni. Some of 
the records are perhaps accidental occurrences, especially those from the 
carnivores. 
Observations were also made on the seasonal abundance of some of 
the species of fleas. Cediapsylla simplex was taken from the Mearns cot-
tontail every month from April through December. The fact that no rabbits 
were obtained on the Reservation during the first three months of the 
year probably accounts for the lack of records during these months. 
Specimens of Orchapeas leucopus were taken from the Northern white-
footed mouse every month during the year. However, the fleas of various 
species were found to be most abundant during the summer months. 
Cediopsylla simplex, the common rabbit flea , and Orchapeas leucapus, 
the common flea of the white-footed mouse, were the most abundant flea 
species on the area studied. 
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INTRODUCTION 
Studies reported on capillaria worms in poultry during recent years 
have emphasized the economic importance of this group of nematodes. 
From various reports, including those of Perroncito and Tomiolo (1899) , 
Allen and Gross (1926), and Hung (1926), it is evident that the presence 
of Capillaria annulata in the crop of chickens, turkeys, and other gallin-
aceous birds leads to malnutrition, emaciation, and severe anemia accom-
panied by a desquamation of the infected tissues. Severe inflammation 
and sloughing of the intestinal mucosa have frequently been reported 
in pigeons (Eber, 1917; Schlegel, 1918; Wehr, 1939) and chickens 
(Levine, 1938) infected with the pigeon capillarid, C. columbae. Fur-
thermore, Olson and Levine (1939) reported a leucocytosis and slight 
anemia accompanying C. columbae infection in chickens. 
Early in 1938, the writer found that chickens examined at Charles 
City, Iowa, were infected with Capillaria caudinflata,3 a species hitherto 
unreported from the United States. Since heavy infestation with these 
worms was commonly associated with severe enteritis, diarrhea, and 
emaciation, further information concerning this species was sought. 
A survey of the literature revealed that nothing was known of the 
method whereby C. caudinflata is transmitted from one fowl to another 
or of the environmental factors which might influence such transmission. 
Consequently, an investigation regarding its geographical distribution, 
its life history, and other related factors was begun in November, 1938. 
REVIEW OF LITERATURE 
The literature concerning the nomenclature of Capillaria caudinflata 
is very confusing. Rudolphi (1819) described the genus Trichosoma, 
listing it as "Genus II. Trichosoma (Capillaria, Zederi)." Although the 
synonomy of Trichosorna R. with Capillaria Zeder, 1800, was thus ad-
mitted by Rudolphi, the priority of 'Zeder's genus was not generally 
recognized until about a century later. 
1 A condensation of the original thesis submitted to the Graduate Faculty of the 
Iowa State College in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy, on file at the Iowa State College Library, Ames, Iowa. Doctoral 
Thesis No. 692A. 
•It is with sincere appreciation that the writer acknowledges the helpful advice of 
Dr. E. R. Becker in outlining and conducting the various experiments. 
Thanks are also extended to Dr. J. E. Salsbury, who has generously provided 
research facilities for conducting this investigation at Dr. Salsbury's Laboratories, 
Charles City, Iowa. 
• Credit is hereby given Dr. E. E. Wehr for identification of these worms. 
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Under the genus Trichosoma, Rudolphi (1819) described the species 
T. longicolle which he obtained from certain galliform birds. The mor-
phological characteristics which he gave, however, offer no clue by 
which T. longicolle may be distinguished from closely related species. 
Probably the most valuable clue given is the hosts from which the worms 
were obtained, that is, "Hab. In intestinis praesertim crassis Phasiani 
galli et colchici; in coecis Tetraonis Urogalli, Perdicis et Tetricis." But 
the apparent lack of host-specificity among capillarids as a group and the 
fact that several species may occur in the digestive tract of a single host 
at any one time make even this information of little value to the taxono-
mist. 
In the year 1858, Molin described a new species of nematode from 
Perdix coturnix which he called Calodium caudinflatum. A translation 
of Molin's description of this species follows: 
Calodium caudinflatum 
Body capillary, the male on both sides (probably means throughout the length 
of the body), the female tapering anteriorly; the epidermis of the caudal extremity 
of the male inflated into a large transparent ellipsoidal bubble; the spicule sheath 
tubular, transversely striated, spicule very long and thread-like extending from the 
terminal bursa opposite a point cut in, from below, in the caudal end; caudal ex-
tremity of the female (with) row1ded off end; opening of the anus subterminal, 
lateral; opening of the vulva! bursa projecting out in the anterior part of the body, 
opening bilobed, inner lip the longer. Length of the male 17 mm.; female 25 mm. 
Habitat: Perdix coturnix; in small intestine, Junie, Patavi (Molin). 
In 1861 Molin again published the same description, with one ex-
ception, together with figures of the caudal portion of the male and the 
region of the genital aperture of the female. In his first paper he de-
scribed the inner lip of the vulval bursa as the longer ("labio interno 
longiori") but in 1861 he described it as "labio externo longiori." Since 
his figures of this region of the female show the outer lip the longer, his 
earlier description was evidently erroneous. 
A study of Molin's description together with his figures of Calodium 
caudinflatum leave little doubt that he was describing the same species 
of nematode which the writer has found in chickens of the United States. 
On the other hand, there is reasonable doubt regarding the identity 
of the nematodes which Rudolphi called Trichosoma longicolle. In fact, 
it appears that Shipley (1909) was right when he suggested that Rudolphi 
may have been dealing with more than one species of "trichosomes." 
Thus far none of the capillarids of the chicken is known to occur in both 
the cecum and small intestine, whereas Rudolphi obtained part of his 
specimens from the intestine and part from the cecum. Therefore, the 
writer is of the opinion that the name T. longicolle should be abandoned 
in favor of the species name given by Molin. Since the genus Calodium is 
now considered a synonym of the genus Capillaria (see Travassos, 1915, 
and Baylis, 1931), the name Capillaria caudinflata (Molin, 1858) is 
regarded as the correct name for the capillarid whose life cycle is de-
scribed in this paper. 
The literature on Capillaria caudinflata ( = Trichosoma longicolle 
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=Capillaria longicollis) has been written, for the most part, by European 
helminthologists. Only five papers by North American investigators 
have thus far been found where this species is mentioned, viz., Stiles and 
Hassall (1894), Hassall (1896), Beach and Freeborn (1936), Morehouse 
(1939) , and Allen and Wehr (1942) . 
No specific identification of C. caudinflata from birds of the United 
States had been reported in the literature until 1939 when the writer 
reported this species from the intestine of chickens from Iowa, Minnesota, • 
Ohio, Illinois, Wisconsin, Pennsylvania, Missouri, Kansas, Indiana, and 
Michigan. 
Among the early European papers concerning C. caudinflata are 
those of Rudolphi (1819'); Dujardin (1845); Molin (1858, 1861); Eberth 
(1863); Diesing (1851, 1861a, 1861b); and Kowalewski (1894, 1901). 
Shipley (1909) , an English author, identified capillarids found in 
the red grouse Lagopus scoticus as Trichosoma longicolle Rud. and 
listed Calodium caudinflatum Molin, Trichosoma gallinum Kowal., and 
Trichosoma caudinflatum Kowal. as synonyms. Shipley's paper was 
the earliest comprehensive treatise on this species of nematode. His 
description and figures make it almost certain that he was dealing with 
the same nematode found by the writer in chickens of the United States 
although it must be remembered that he obtained his specimens from 
an entirely different species of gallinaceous birds. On the other hand, 
host-specificity as a general rule seems to be of little taxonomic value 
when dealing with the capillarids. Experiments reported in the present 
paper show it to be lacking in Capillaria caudinflata. 
Morgan (1932), another English author, described nematodes from 
the English domestic fowl which he identified as Capillaria longicollis 
(Rud., 1819) Travassos, 1915 . Clapham (1935), a third English author, 
reported Capillaria longicollis from 44 out of 380 birds examined. She 
stated that it is a common parasite of the small intestine of many gallin-
aceous birds including the pheasant, Phasianus colchicus. Others who 
have found this nematode parasite are Huus (1931) who reported 
Capillaria longicollis from the Norwegian ptarmigan, Lagopus lagopus, 
and Monnig (1933) who found this species in the small intestine of 
chickens of Utrecht. On the contrary, Reis et al. (1936) stated that C. 
longicollis is not found at Sao Paulo, Brazil. 
The lower portion of the digestive tract of the chicken (i.e., the 
portion posterior to the gizzard) is parasitized by several species of 
Capillaria other than C. caudinflata. Rudolphi (1819) described the 
pigeon capillarid now known as Capillaria columbae. This nematode, 
frequently found in the small intestine of chickens, enjoys a wide geo-
graph~cal distribution as a parasite of the latter host. 
Von Linstow (1873) described another capillarid from the intestine 
of the chicken which he called Trichos0ma collare. However, Morgan 
(1932) suggested that the worms described by von Linstow may have 
been the same as those described by Railliet (1893) under the name 
Trichosoma retusum. If such is the case, then the name of von Linstow's 
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species becomes a synonym of Capillaria retusa (Railliet, 1893). Both 
species have been described as having annular constrictions in the 
cuticula near the anterior end, and both are said to have spiny spicule 
sheaths. On the other hand, Capillaria collaris (v. Linstow, 1873) was 
described as having two lateral bacillary bands whereas Capillaria retusa 
has a third broad ventral band. The fact that von Linstow found his 
specimens in the intestine of the chicken while Railliet found his in the 
cecum constitutes another point of difference. 
Capillaria gallinum (Kowal. , 1894) was originally described from 
the intestine of the chicken but has since been made a synonym of C. 
caudinflata. Kowalewski (1894) described another species from the 
cecum of the chicken which he called Trichosoma dubium. This name is 
now considered a synonym of Capillaria retusa. 
More recently (1934) a species of Capillaria was described by 
Teixeira de Freitas and Lins de Almeida from the small intestine of 
chickens at Rio de Janeiro, Brazil. The chief distinguishing characteristic 
of this new species, which they called Capillaria bursata, is the morphol-
ogy of the caudal extremity of the male. It was described as having 
caudal alae and a membranous copulatory bursa supported by four 
papillae, two of which are curved ventrally terminating in the margin 
of the bursa, the other being latero-dorsal in position. 
From the foregoing discussion, we may conclude that four and 
possibly five distinct species of Capillaria are known to occur in the 
lower digestive tract of Gallus domesticus L .; namely Capillaria caudin-
flata (Molin, 1858), C. columbae (Rudolphi, 1819) , C. bursata Teixeira 
de Freitas and Lins de Almeida, 1936, and possibly C. collaris (v. Linstow, 
1873) , all of which occur in the small intestine; the only species thus 
far found in the cecum is C. retusa (Railliet, 1893). 
Reports of the successful experimental transmission of worms be-
longing to the genus Capillaria to avian hosts are few indeed. Cram 
(1931) was able to transmit Capillaria contorta, a parasite of the upper 
digestive tract of numerous birds, to a quail and a domesticated duck 
by feeding embryonated eggs obtained from a European pheasant. She 
was, however, unable to transmit this species to chickens, but later 
(1936) reported its successful experimental transmission to turkeys. 
In 1931, Cram also reported the transmission of another capillarid, 
C. retusa, which occurs in the lower digestive tract of various birds. 
She stated that she was able to produce an infestation in a chicken and a 
quail by feeding a 41-day-old culture of embryonated eggs collected from 
a hungarian partridge. On the other hand, Levine (1938) stated that 
Cram (1937-personal communication to Dr. Levine) , after a re-study 
of her specimens, is convinced that she was working with C. columbae 
and not C. retusa. Therefore, it appears that the experimental transmis-
sion of C. retusa still remained undemonstrated. 
Capillaria columbae is perhaps the easiest species to transmit since 
the period of embryonation is short and no intermediate host is re-
quired. Levine (1938) confirmed the direct life cycle of this species 
which was later worked out in detail by Wehr (1939) . 
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All efforts of various investigators to transmit embryonated eggs 
of Capillaria annulata by direct feeding have been unsuccessful. How-
ever, Wehr (1936) showed that earthworms of the species Helodrilus 
foetidus and Helodrilus caliginosus serve as intermediate hosts for this 
parasite. 
Due to the evident variation in method of transmission among 
the capillarids, it would seem unwise to postulate any particular life 
cycle for a given species. It is apparent that the life cycle must be 
worked out individually for each species. 
EXPERIMENTAL 
MATERIAL AND METHODS 
The capillaria worm eggs used in these experiments were obtained 
from infected chickens originating in various parts of the United 
States. To prepare a culture of eggs, the droppings of one or more in-
fected birds were collected and washed through a fine-mesh milk strainer 
screen in order to remove the coarse particles. The washings were 
then allowed to settle and the liquid was decanted, leaving the sediment 
containing the droppings at the bottom of the beaker. In some cases 
this process was repeated 2 or 3 times, depending upon the amount of 
sediment present. A centrifuge equipped with 50 cc. tubes was used 
to remove excess water .from the sediment. The eggs were then sus-
pended in a saturated NaCl solution by centrifugation and the salt 
water was poured off, diluted to about 5 times its volume with tap water 
and the eggs were then concentrated in the bottom of a centrifuge tube. 
By repeating the salt-flotation process a culture of eggs could be ob-
tained which was practically free of fecal material. The methods used 
for embryonation of capillaria worm eggs have been fully discussed 
elsewhere in this paper. 
For the high temperature experiments an electrically operated, 
thermostat-controlled incubator was used, and for the low temperature 
experiments a Crosley household refrigerator was employed. 
All chicks used in the transmission experiments were hatched in 
the laboratory and were kept in wire bottom cages from the time of 
hatching until the termination of the experiment, the kind used in 
any given experiment usually being determined by the availability of 
the birds at that particular time, although a preference for the heavier 
breeds prevailed since the latter are easier to handle in cages than the 
Mediterranean breeds. 
Unless otherwise noted in the text, the grasshoppers, confused 
flour beetles, and Tenebrio molitor used in the intermediate host tests 
were laboratory raised. All other arthropods as well as the earthworms 
were collected from chicken runs and other nearby locations. 
The measurements of worms and worm eggs, as recorded in this 
paper, were made with an ocular micrometer or a camera lucida. All 
photographs were time exposures taken with the aid of a Bausch and 
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TABLE 1 
GEOGRAPHICAL/ DISTRJBUTION OF CAPILLARIDS OF THE LOWER DIGESTIVE TRACT 
C. caudinjlata C. columbae C. retusa 
No. of 
State County Birds Males Females Males Females Males Females 
Alabama Jefferson .. ... .... 9 20 
Georgia Ware ........... 11 10 . . .... . . 
Illinois Adams .......... 12 121 237 5 11 ... . ... . 
Bond ..... .. ..... 1 11 23 ........ 
Lake .... . ....... 1 3 3 15 
Stark ........... 1 7 33 ..... ... 
Stevenson ........ 1 7 3 
Indiana Jackson ........ . 1 41 32 . . .. . ... 
SuJJivan ..... . ... 2 8 
Iowa Bremer .......... 2 4 ........ 
Buena Vista ...... 1 1 .. . ..... 
Butler ........... 1 3 .... . ... 
Cerro Gordo ..... 1 4 ... . .... . ....... 
Chickasaw . . ..... 2 31 134 ........ 2 4 
Floyd .... ....... 6 12 101 1 1 
Hancock .... . .. . 2 4 52 ........ 
Howard . . ....... 2 2 1 ........ 
Mitchell ......... 2 1 27 . . . . . . . . 
Muscatine . . ..... 1 4 ..... . .. 
Palo Alto ........ 1 1 
Kansas Brown ......... . 6 11 .. . .. . . . 
Miami .......... 1 ........ 
Kentucky Henderson ....... . ... . . . . 
Maryland Wicomico ....... 16 11 
Baltimore ...... .. 2 45 
Michigan Bay . . .... . ...... 2 84 158 
Ottawa .. .. ..... . l 4 7 . . ...... 
Minnesota Faribault. ....... 3 14 ........ 
Freeborn ...... ,. 1 8 
Le Sueur ........ 2 38 159 ....... . 
McLeod .. . . . .... 1 2 .. . ..... 
Norman ......... 2 116 230 ..... ... 
Stearns .......... 2 2 14 
Waseca .. . ....... 2 10 . . ...... 
Missouri Jefferson .... . .... 1 2 
Linn ............ 1 6 .. . ..... 
Nodaway ........ 4 9 12 
St. Louis ....... . ? 1 12 ....... . 
Perry ........... 2 .... . .. . 
New York Cortland .. . ..... 23 
Otsego ...... . .•. . . . . . . 16 103 .. . . .... 
Wayne . ......... 4 
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State County 
Ohio Cuyahoga . ..... . 
Hardin .. . ...... . 
Putnam ........ . 
Richland ... . ... . 
Shelby ...... . . . . 
Stark ...... . ... . 
Pennsylvania Union . ... . .. .. . 
Somerset ... .... . 
R. Island Providence ...... . 
W . Virginia Marion . .. . . . ... . 
Wisconsin Brown .. . .... . . . 
St. Croix .. . .... . 
Dunn ... . ...... . 
Trempealeau . ... . 
TABLE 1 - Continued 
C. caudinjlata C. columbae C. rtlusa 
No. of ~~~~~-1~~~~~-1~~~~~-
Birds Males Females Males Females Males Females 
1 
1 
1 
1 
1 
1 
16 85 
4 
85 
1 
3 
2 
..... 
11 
249 
1 
95 
. . . . . . 
4 
31 
3 
11 
4 
209 
11 
2 
1 
13 
49 
1 7 
Lomb microscope and an Eastman Senior 620 kodak or a view camera 
using cut film. 
The material for the geographical distribution studies was obtained 
in different ways. The principal source of specimens was through the 
diagnosis laboratory of Dr. Salsbury's Laboratories which receives 
chickens from all parts of the United States. A second source of speci-
mens was the purchase of chickens for experimental purposes from 
various poultry raisers and produce dealers throughout the country. 
All specimens, whatever the source, were received and identified by 
the writer. 
Microscope slides were made of many specimens using various 
techniques, but the best results were obtained by placing the worms in 
glycerine jelly and mounting them between two coverglasses, one of 
which was about 2 mm. smaller than the other. The coverglasses were 
then mounted on a microscope slide with the smaller coverglass toward 
the balsam. 
GEOGRAPHICAL DISTRIBUTION STUDY 
A preliminary report on the geographical distribution of three 
species of capillarids, C. caudinflata, C. columbae, and C. retusa, found 
in the lower digestive tract of chickens was made by the writer (1939) . 
Having continued this study, a complete report is made at this time. One 
or more capillarid species have been found in chickens received from 56 
counties located in 17 different states (Table 1). A total of 1,678 C. 
caudinflata, 1,309 C. columbae, and 45 C. retusa were collected and 
identified from approximately 90 naturally infected chickens received 
at Dr. Salsbury's Laboratories, Charles City, Iowa. Of these, 410 
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(24.43 per cent) C. caudinflata, 380 (29.02 per cent) C. columbae, and 
13 (28.88 per cent) C. retusa were males. The largest number of capil-
larids found in a single bird was as follows: C. caudinflata, 334; C. colum-
bae, 346; and C. retusa, 29. Six of the birds were host to both C. caudin-
flata and C. columbae. 
C. caudinflata OvA AND THEIR DEVELOPMENT 
The eggs of Capillaria caudinflata are spindle-shaped, slightly yel-
lowish in color, and have thick punctate shells provided with a trans-
parent opercular plug at each end. Although there is some variation 
in the size and shape of the eggs of this species, they are a little narrower 
in ·proportion to their length than are the eggs of Capillaria columbae. 
Dujardin (1845) stated that the eggs of Trichosoma longicolle (= C. 
caudinflata) measure 61 µlong by 23 µwide, and Morgan (1932) found 
the average measurements to be 53 µ long by 23 µ wide. The writer has 
found that 25 eggs measured by means of an ocular micrometer varied 
from 50 µ to 59 µ in length and from 21 µ to 24 µ in width. The mean 
size was 55 µ by 23 ~l. All measurements were made without the use 
of a coverglass in order to avoid distortion of the eggs due to pressure. 
Eggs of Capillaria caudinflata are passed in an unsegmented con-
dition in the droppings of infested chickens (Plate I, Fig. 1). Early 
attempts to develop these eggs in 2 per cent formaldehyde solution 
met with . failure. When another bactericide, 2.5 per cent potassium 
dichromate, was substituted it was found that approximately 100 per 
cent embryonation could be obtained in the cultures. This appears 
to be in sharp contrast to the results reported by Levine (1936), who 
attempted to incubate eggs of the pigeon capillarid in 2 per cent potassium 
dichromate but found that many of the embryos died before embryona-
tion was completed. Cram (1936) found that weak solutions of formalin 
and potassium dichromate were unsuitable as embryonating media for 
capillarid eggs. Although Wehr (1939) reported the use of tap water 
or distilled water for the embryonation of Capillaria columbae, he stated 
that eggs embryonated in 1 to 2 per cent formalin contained fully formed 
embryos as early as those cultured in tap or distilled water. The writer 
has also found this to be true in the case of C. columbae whereas eggs 
of C. caudinflata failed to develop properly, thus indicating a greater 
susceptibility of the latter species to the action of formaldehyde. Cultures 
of C. caudinflata eggs for the early part of this investigation were em-
bryonated in 2.5 per cent potassium dichromate solution, although 1 
per cent nitric acid and tap water have been used with good success. 
A single comparative test on the value of 2.5 per cent potassium 
dichromate solution and tap water for use in embryonating C. caudin-
flata eggs was run on a divided culture from one infested bird. Since 
94 per cent of the eggs in potassium dichromate solution and 92 per cent 
of the eggs in tap water became embryonated, there is apparently little 
difference in the value of these two media. 
The contents of freshly passed unsegmented eggs of C. caudinflata 
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have a uniformly granular appearance except for a round or flask-
shaped equatorial spot which (Plate I, Fig. 1) is possibly associated with 
the fertility of the ovum, although it has often been observed in eggs 
which fail to undergo segmentation. 
The incubation period of C. caudinflata eggs is somewhat longer 
than the 6 days required by C. columbae. The following observations 
on the development of C. caudinflata eggs were made on a culture 
collected from droppings passed during a 5-hour period. After these 
eggs were freed from the droppings by salt flotation and centrifugation, 
they were placed in petri dishes in a shallow layer of tap water and were 
held at a room temperature of 78° ± 4°F. The majority of the eggs had 
undergone their first cleavage at the end of 24 hours (the incubation time 
as stated in this report is figured from the beginning of the 5-hour 
collection period), but none had yet undergone the second cleavage. 
Not until 5 hours later were any eggs observed in the three-cell stage. 
The first and second cleavages which occur very regularly in these 
eggs are total and unequal. The first cleavage line runs transversely, re-
sulting in a new cell containing a little less than one-third of the 
contents of the egg (Plate I, Fig. 2) . The second cleavage line appears 
in a similar position toward the opposite end of the egg, resulting in two 
polar cells of approximately the same size with a somewhat larger 
cell lying between them (Plate I, Fig. 3). No prediction can be made 
as to where the third cleavage line will appear. As a rule, the first 
cell to be formed divides to produce the fourth cell, but in some cases 
it may be formed by division of the center cell (Plate I, Fig. 4). From 
this stage of development, cleavage proceeds without any apparent 
sequence or rhythm. 
Examination of eggs 45 hours aft~r the beginning of the collection 
period showed the majority of them to be in the eight-cell stage al-
though one egg was found to contain 14 cells. At the eight-cell stage 
the blastomeres are rather large (Plate I, Figs. 5, 6). When the 
culture was examined after 54 hours of incubation, it was difficult to 
accurately determine the number of cells. However, the majority of 
the eggs appeared to contain morulae made up of small blastomeres. 
A very close estimate of the number in one egg showed that it was in 
approximately the 20-cell stage. 
Up to this time, no characteristic arrangement of the cells within 
the egg was observed, but as development proceeded beyond the 20-cell 
stage, a peripheral arrangement of the blastomeres occurred and there 
was a more or less sharp delimitation of the peripheral cells from a 
central cluster (Plate I, Fig. 7). This arrangement appeared quite 
definite in eggs which had been incubated for 70 hours. Thus far, the 
blastomeres had retained a uniformly granular appearance and had 
occupied virtually the entire area within the egg shell, but eggs examined 
after 120 hours of incubation showed a tendency for one end of the 
embryo to lose its granular appearance, the protoplasm becoming more 
translucent. At this time, the clear region of the embryo began to shrink 
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away from the inner surface of the egg shell (Plate I, Fig. 8). The 
shrinking, which proceeded so slowly that no motion could be ob-
served, produced a space of considerable size between the embryo and 
the inner surface of the shell. Eggs observed 'after 173 hours of in-
cubation did not contain actively motile embryos, but the protoplasm 
at the translucent end had become less granular, and the margin at the 
clear end had assumed a truncate appearance. The transformation into 
vermiform embryos then proceeded rapidly. An elongation of the 
embryo, occurring chiefly at its granular end, again caused the embryo 
to fill the space within the egg shell. As the embryo continued to 
elongate, the first indication of active motility was observed. The 
embryo, somewhat vermiculate in appearance, became successively 
bean-shaped (Plate I, Fig. 9), S-shaped (Plate I, Fig. 10), and U-shaped. 
The motility of the embryo for a time was confined largely to the 
granular end of the larva, but later the entire worm was seen thrashing 
about within the egg shell. The method whereby the transformation 
into a vermiform embryo takes place is not quite clear. Elongation of the 
embryo plays a definite part, but it is also possible that there is a 
splitting of part of the cells at the granular end, away from the remainder 
of the embryo. At any rate, a few of the eggs examined after 197 hours 
of incubation contained U-shaped embryos, while some were still in 
the bean-shaped stage, others were in the S-shaped stage, and a few 
had not yet reached any of these developmental stages. Molting of 
the larvae within the egg shell, used in some species of nematodes to 
indicate maturity, has not been observed in C. caudinflata. However, 
coiled embryos resembling those which had been kept for several months 
were observed after 262 hours of incubation (Plate I, Figs. 11, 12). 
The above observations show that the eggs of C. caudinflata, held 
in tap water at a room temperature of 78° + 4°F., appear to become 
fully embryonated in approximately 11 days. The first indication of 
active motility was observed on the eighth day of incubation. Since it 
is not known whether the above conditions were optimum for develop-
ment, it is possible that other conditions might shorten the period of 
development to some extent. However, experiments which follow show 
that extremely low temperatures and higher temperatures have an 
adverse effect upon development. 
THE EFFECT OF ENVmONMENTAL FACTORS ON C. caudinflata EGGS 
A series of tests was conducted in order to determine the effect of 
high and low temperatures, and of certain chemicals upon unembryonated 
and embryonated eggs of C. caudinflata. 
The eggs used in these experiments were collected in the manner 
previously described. If tests were to be run on unembryonated eggs, 
freshly collected cultures were immediately subjected to the environ-
mental condition under consideration. For tests on embryonated eggs, 
the cultures were held in 2.5 per cent potassium dichromate solution 
or tap water at room temperature until the embryos became motile. 
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Data on the effect of high, low, and outdoor winter temperature on 
unembryonated C. caudinflata eggs is recorded in Table 2. The nine 
cultures used in these experiments were divided into two parts, except 
as indicated, so that the development of a control culture held at room 
temperature could be compared to the development of the eggs placed 
in the incubator or refrigerator. 
TABLE 2 
EFFECT OF T E MPERATURE ON THE VIABILITY OF UNEMBRYONATED EGGS 
OP Capillaria caudinjlata 
Percentage of Eggs 
Embryonated 
T emperature Length of Period of 
Type of Exp. of Exposure Incubation Exposed Control 
Experiment No. Exposure in Days After Exp. Culture Culture 
High 1. . . ..... 40° ± 2°C. 107 * 0 0 No control 
Temperature 2 .... . ... 40° ± 2°C . 23 0 0 12 
3 . . .... . . 40° ± 2°c. 31 0 0 100 
4 ........ 42°± 4•c . 42 0 0 100 
Low 1. ... .... -10°c . 14 84 21 96t 
T emperature 2 .. . .. . .. -10°c . 33 127 58 No control 
3 . . ...... 6°C. 39 0 8 92 
Outdoor 1 . . . . .... -21 ° to 68°F . 44 0 0 94 
Winter 2 . ... . .. . -21 ° to 68°F . 64 0 0 96 
T emperature 
* This culture dried up on the 107th day but was moistened and the eggs were examined. 
t This record made on the 44th day. ' 
In these experiments, exposure of unembryonated C. caudinflata 
eggs to a temperature of 40° + 2°C. for periods of 23-107 days proved 
fatal to all eggs. However, some unembryonated eggs subjected to a 
temperature of - 10°C. for periods of 14-33 days survived the exposure 
as shown by their development when removed to room temperature. 
Outdoor temperature varying from - 21°F. to 68°F. was fatal to two 
cultures exposed for 44 and 64 days, respectively. 
Unembryonated and embryonated eggs showed a marked difference 
in their reaction to temperature. The following experiments indicate 
that low temperature is much more detrimental to embryonated eggs 
than was shown for unembryonated eggs, but the reverse was true for 
the high temperature. 
Two cultures of embryonated C. caudinflata eggs were subjected to 
a temperature of 40° + 2°C. for a period of 42 days. No degeneration 
of the embryos in these cultures could be noted even after a period 
of 6 weeks following their exposure. 
Embryos in a culture of C. caudinflata eggs held at -10°C. for 21 
days showed no degeneration when first removed to room temperature. 
When they were examined 150 days later, however, only 21 per cent of 
them appeared normal. In a control culture which had been held at 
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room temperature throughout the experiment, 96 per cent of the 
embryos appeared to be normal. 
In another experiment, half of a divided culture was placed on a 
window ledge outside the laboratory where it remained for 63 days, the 
other half being maintained at room temperature throughout the ex-
periment. The outside winter temperature variation during this period 
was - 21°F. to 68°F. as recorded by the local federal weather observer. 
At the end of the exposure period, no degeneration of embryos in either 
half of the culture could be detected. At the time these observations were 
made, no method was available for testing the viability or infectivity of 
the embryos. Therefore, these experiments on the effect of temperature 
on embryonated eggs may be regarded only as indicative and not as 
conclusive. Although some damage was undoubtedly caused by the low 
temperature, the amount of damage could not be estimated with any 
degree of certainty. 
Later in the investigation the writer discovered that earthworm 
digestive juice would produce motility in larvae of embryonated C. 
caudinflata eggs and would cause many of them to hatch. This phenom-
enon was utilized in the following experiment for testing the viability 
of embryonated eggs subjected to low temperature. 
Eggs from 17-day-old C. caudinflata culture were treated with freshly 
collected earthworm digestive juice. Hatching of many larvae followed 
after several minutes. On the following day the culture was divided 
into three parts. Part 136A was placed in the ice tray of an electric 
refrigerator where the temperature was - 10°C.; part 136B was placed 
in the bottom of the refrigerator at a temperature of 6°C.; and part 136C 
was held at room temperature. Six days later each culture was tested 
for viability by treatment with earthworm digestive juice. Hatching 
occurred in all three samples. On the 14th day of refrigeration, eggs held 
in the freezing tray failed to become motile or to hatch although many 
larvae hatched from parts 136B and 136C when treated with the same 
sample of earthworm digestive juice. The same results were obtained 
when the three cultures were treated with fresh samples of earthworm 
digestive juice on the 2 succeeding days. Thus the larvae were able to 
survive periods of 6 days at - 10°C. and 14 days at 6°C. but were killed 
by 14 days exposure at - 10°C. 
Two per cent formalin has proven harmful to C. caudinflata eggs. 
In one experiment, only 18 per cent of the eggs in 2 per cent formalin 
developed to the larval stage when held at room temperature for 5 
months, whereas the control culture in 2.5 per cent potassium dichromate 
solution showed 100 per cent embryonation. In another experiment a 
culture was divided into three parts, one part being placed in tap water, 
a second part in 1 per cent formalin solution, and the third part in 2 
per cent formalin solution. After 42 days, 92 per cent of the eggs in tap 
water contained coiled embryos, whereas none of the eggs in 1 per cent 
formalin had developed further than the five-cell stage and none in 2 
per cent formalin solution had passed the two-cell stage, 96 per cent of 
the eggs in the latter culture showing no cleavage lines at all. 
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Numerous experiments have been conducted in order to test the 
possibility of transmitting C. caudinflata by feeding embryonated eggs 
directly to chickens. Twenty-one chicks used in various experiments 
failed to become infected by feeding large single doses of C. caudinflata 
eggs which had been embryonated in 2.5 per cent potassium dichromate 
solution, 1 per cent nitric acid, or tap water. Since repeated doses of 
embryonated eggs administered to individual chicks produced no better 
results, a culture was held at 6°C. for 75 days in the hope that low 
temperature might in some way render the eggs infective. Repeated 
doses of these refrigerated eggs, however, were non-infective to two 
chicks. Other tests which gave negative results were (1) repeated 
passage of a single culture through a chick and (2) the administration 
of eggs which had been exposed for 10 days at 35°C. to the filtered 
digestive juices obtained from chicken gizzard and duodenum. 
Since it appeared that chickens could not be infected with C. caudin-
flata by direct administration of embryonated eggs, an attempt was 
made to hatch the larvae and produce infection with them. It was 
found that many of the larvae in partially desiccated cultures of C. 
caudinflata eggs would hatch when the eggs were returned to water. 
Larvae hatched in this manner were given to six chicks but failed to 
produce infection in any of them. A further unsuccessful attempt at 
transmission to a chick was made by feeding samples of soil to which 
many embryonated eggs had been added 32 days previously. A repetition 
of this experiment likewise failed to produce infection. 
In order to provide continuous exposure of chicks to C. caudinflata 
eggs, where little or no chance for infection through some unknown 
intermediate host would be available, a pen 3 feet X 4 feet was constructed 
in a brooder house where no chickens other than those used in the 
experiment were kept. A 3-inch layer of soil which had been sterilized 
in an autoclave was placed in the bottom of the small pen. This soil 
was kept moist throughout the test. Four chicks confined for periods 
of 2.5 to 6 months in this pen with an adult bird passing eggs of C. 
caudinflata, did not become infected. 
A further attempt was made to establish a C. caudinflata infection 
in a chick by introducing approximately 400 freshly collected living adult 
capillarids directly into the crop of a chick. Post-mortem examination 
45 days later showed that none of the worms had become established 
in the intestine. 
Experiments on Indirect Transmission of C. caudinflata 
Since all experiments on direct transmission of C. caudinflata gave 
negative results, the writer conducted experiments attempting to 
discover an intermediate host for this nematode. Arthropods used in 
these experiments without success included the grasshoppers Melanoplus 
difjerentialis, Melanoplus femur-rubrum, and an undetermined species 
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of green meadow grasshopper belonging to the family Tettigoniidae; the 
beetles Tenebrio molitor, Tenebroides mauretanicus, Tribolium con-
fusum, and Aphodius sp.; housefly larvae and adults; undetermined 
species of reddish-brown ants; and an unknown species of sow-bugs. 
Since earthworms are known to serve as transmitting agents for 
the gapeworm Syngamus trachea and the crop-worm Capillaria annulata, 
it seemed quite possible that they might also serve for the transmission 
of C. caudinflata. During the summer of 1939 and the spring of 1940, 
earthworms of the species Lumbricus terrestris and another smaller 
species, Helodrilus sp., were used in several experiments on the trans-
mission of C. caudinflata, but none of the chicks became infected. No 
further attempts were made to use earthworms until late in 1941. 
In order to build up a heavy population of capillaria worm eggs in 
a small area and thus increase the chances of transmission to chicks, 
two outdoor pens approximately 10 feet square were constructed. On 
April 30, 1941, twelve 54-day-old battery-raised chicks were placed in 
each of these pens together with two or three adult infected hens. Each 
chick was checked by salt-flotation in order to show that its droppings 
were free of capillaria eggs. Salt-flotation examinations of the drop-
pings from each chick were made weekly for the following 25 weeks. 
On three occasions, capillaria eggs were observed, but subsequent 
flotations failed to show more eggs, indicating contamination by drop-
pings from the adult hens. One chick was killed two days after a 
capillaria egg was observed but no capillarids could be found on post-
mortem. Transmission was not accomplished in five other chicks which 
died during the 25-week period. When the surviving test chicks and the 
adult hens were sacrificed, within 30 days following the termination of 
the fecal examinations, one of the test chicks was host to one male and one 
female Capillaria retusa, and another had one female C. caudinflata. 
None of the other test chicks was infected although both species of 
capillarids were found in the adult hens. 
Since one chicken of the preceding experiment became infected with 
C. caudinflata while in the experimental pen, earthworms, dung beetles 
(Aphodius sp.), and house-fly larvae were collected from the two pens 
and fed to chickens. Approximately 100 earthworms were given to each 
of four chicks during the period Oct. 23, 1941, to Nov. 3, 1941. Examina-
tion of droppings from these chicks on Nov. 31, 1941, showed that all 
four of them had become infected with capillarids. Worms identified as 
Capillaria caudinflata were obtained by post-mortem from three of the 
four chicks. One male capillarid identified as C. retusa was recovered from 
the cecum of one of the chicks. Forty-four dung beetles and seven house-
fly larvae failed to produce C. caudinflata infection when fed to chicks. 
In order to determine whether earthworms serve as true inter-
mediate hosts or as incidental hosts for C. caudinflata, the following 
· experiment was carried out. On December 4, 1941, about 250 earthworms 
identified as Helodrilus (Allolobophora) caliginosus-+ were collected from 
'Identification confirmed through the courtesy of Dr. Benjamin Schwartz, Chief, 
Zoological Division, Bureau of Animal Industry, U.S.D.A., Washington, D. C. 
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a city lot where no chickens had run for many years. These worms were 
placed in a wooden box about 8 X 8 X 4 inches, and fresh cultures of 
C. caudinflata eggs were poured on the surface of the soil in this box 
from time to time. 
Thirty-seven days after the earthworms were first exposed to the 
capillaria eggs, a 7-weeks-old New Hampshire chick, No. 763, received 
five earthworms from this box. Fifteen days later a second chick of the 
same hatch, No. 940, received 12 earthworms from the box, and 12 
days later a third chick, No. 969, received 20 earthworms. One New 
Hampshire chick, No. 928, was given 10 grams of soil from the box in 
which the above earthworms were kept. This bird served as a control 
against the possibility of the earthworms acting merely as mechanical 
carriers for capillaria larvae. Chicks Nos. 942 and 947 received neither 
earthworms nor soil but were used as "cage controls" against the pos-
sibility of the chicks acquiring an infection in some unknown manner. 
Chick No. 763, which died on February 2, 1942, 23 days after re-
ceiving the earthworms, was host to two male and five female capillarids 
identified as C. caudinflata. Capillaria eggs were found in the droppings 
of chicks Nos. 940 and 969 when they were examined by the centrifuge 
salt flotation method on the twenty-fourth day after receiving earth-
worms. Chick No. 9'40 had apparently lost its infection by May 11, since 
no capillaria worms could be found at post-mortem. Chick No. 969, 
however, was host to 5 male and 12 female worms identified as C. 
caudinflata. Post-mortem examination of control chicks Nos. 928, 942, 
and 94 7 failed to reveal the presence of any capillaria worms. 
The results of this test further indicated that Capillaria caudinflata 
was transmitted by earthworms belonging to the species H. (A.) caligi-
nosus. 
Ten earthworms of the species H. (A .) caliginosus collected in the 
fall and held in a box of soil for about 4 months were given l/4 to 112 cc. of a 
66-day-old culture of Capillaria caudinflata eggs. The eggs were forced 
into the digestive tract of the earthworms by means of a capillary pipette 
inserted into the mouth. Each drop of the culture contained approximate-
ly 15 embryonated eggs. These earthworms were kept in a small jar 
of soil until March 4, 1941, when four surviving worms were given to 
an 8-weeks-old New Hampshire chick, No. 11. · 
Two days after the earthworms were given to this chick, three 
chicks of the same breed and age were treated as foilows: chick No. 12 
was given approximately 750 embryonated eggs from a 33-35-day-old 
culture; chick No. 13 was given 10 earthworms which had never re-
ceived any capillaria eggs; -and chick No. 14 received neither capillaria 
eggs nor earthworms thus serving as a cage control. All the chicks were 
placed in one cage. 
When droppings from each of the chicks were examined by the 
centrifuge salt-flotation method on the twenty-third and twenty-fourth 
days (twenty-fifth and twenty-sixth for No. 11) no capillaria eggs were 
found. These chicks were killed during the next two days and the 
digestive tracts thoroughly examined for capillaria worms. One male 
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C. caudinfl.ata was ·recovered from chick No. 11 on April 9, 1942. All 
other chicks failed to become infected. 
There are three possible ways in which chickens receiving earth-
worms might acquire a C. caudinfl.ata infection. First, the earthworms 
might serve as true intermediate hosts; second, the earthworms might 
serve merely as mechanical carriers of infective larvae developing in 
the soil where the earthworms were raised; and third, the chicks might 
acquire the infection independently of the earthworms while confined 
in the test cages. Therefore, the following experiment was carried 
out in order to determine which of these methods was correct. 
Several hundred earthworms identified as H. (A.) caliginosus were 
collected in a field more than 1/4 mile from any poultry yard. Hence, 
it is believed that the soil had no chance for contamination by poultry 
droppings containing capillaria worm eggs. These earthworms were 
placed in a clean box of uncontaminated soil and on the following day, 
freshly collected eggs of C. caudinflata were placed on the surface of 
the soil. Cultures were added every second day until three cultures 
containing approximately 12,000 eggs each had been applied. 
On April 30, 1942, the thirty-eighth day after the first culture of 
capillaria eggs was given, 10 Barred Rock chicks 44 days old were each 
fed 12 of the above earthworms. Each of 10 chicks from the same 
hatch received 10 grams of soil from the box of infected earthworms, 
the soil being shaped into pellets and forced into the crop; a third group 
of 10 chicks received no treatment other than regular feed and water 
and thus served as cage controls against any chance infection from 
unknown sources; and each of the 10 chicks in the fourth group was 
given approximately 600 embryonated eggs from a 52-day-old culture. 
When one battery-raised chick received earthworms to which eggs from 
this 52-day-old culture had been administered by pipette, it became 
infected with C. caudinflata, proving the infectivity of this culture. 
Droppings of the 10 chicks receiving earthworms were positive for 
capillaria eggs by May 24, 1942, as shown by the centrifuge salt flotation 
method. These chicks were killed, and post-mortem examination was 
made. After the intestine of each chick was removed and the ceca severed 
for separate examination, the intestine was slit open, and the food 
material was removed and washed through a 100-mesh screen in order 
to eliminate the fine food particles. The remaining substance was then 
examined with the aid of a 2.25 power Zeis binocular head-band magni-
fier. Small portions of the food substance were suspended in water 
using a large pyrex bake dish resting on a black background. 
The entire lining of the intestine from the gizzard to the cloaca! 
orifice was then scraped from the intestine, washed through the same 
screen and examined in the manner just described. From these chicks, 
275 C. caudinfl.ata worms were recovered, 83 of which were males. The 
least number of. capillarids found in any of the 10 chicks was 7 while 
the maximum number was 58. Each chick in the three control groups 
was killed and carefully examined in the same manner, but no capillaria 
worms were found in any of the 30 control chicks. 
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From this and previous experiments it is concluded that earthworms 
of the species H. (A.) caliginosus serve as true intermediate hosts for 
the intestinal capillarid, C. caudinflata. 
In order to prove that earthworms transmitting C. caudinflata to 
chickens actually acquire their infection after being brought into the 
laboratory, another experiment was carried out. 
About 350 earthworms identified as H. (A.) caliginosus were col-
lected from a heavily wooded lot approximately 1/4 mile from the nearest 
poultry yard. These worms were divided into 2 equal groups on June 20, 
1942, and were placed in clean wooden boxes. One group was held as 
controls while embryonated C. caudinflata eggs were scattered on the 
surface of the soil in the other box. On July 19, 1942, 12 earthworms from 
the control box were fed to each of 12, 37-day-old battery-raised New 
Hampshire chicks, Nos. 3802-3813 inclusive; 12 earthworms from the 
infected group were given to each of 12 chicks, Nos. 3814-3825. These 
chicks were of the same breed and same age as the controls. All 24 
chicks were kept in wire-floored cages. On August 12, 1942, it was 
found by salt-flotation examination that all 12 of the chicks receiving 
infected earthworms were passing capillaria eggs. The droppings of the 
12 chicks receiving uninfected earthworms were negative. On August 
12 and 13, all the control chicks were killed and careful examination 
of the intestine was made by the method described in the preceding 
experiment. No capillaria worms could be found. On August 13 when 
one of the infected chicks, No. 3814, was killed, 7 male and 10 female 
C. caudinflata were recovered. When the other infected chicks were 
killed about 3 weeks later, the following numbers of C. caudinflata 
were obtained: No. 3815, 3 females; No. 3816, 4 females; No. 3817, 3 males 
and 9 females; No. 3818, 5 males and 12 females; No. 3819, 5 males and 9 
females; No. 3820, 7 males and 20 females; No. 3821, 16 males and 19 
females; No. 3822, 2 males and 11 females; No. 3823, 10 males and 13 
females; No. 3824, 2 males and 4 females; and No. 3825, 6 males and 6 
females. 
Since all of the chickens receiving infected earthworms became 
parasitized by capillaria worms whereas no capillarids were found in 
the chicks receiving uninfected earthworms, it may be safely assumed 
that the earthworms used had no previous infection but were experi-
mentally infected in the laboratory. Since the control chicks did not 
become infected it should be noted that they also served the purpose of 
cage controls against infection from unknown sources while the chicks 
were in the cages. 
Developmental Periods of C. caudinflata 
PERIOD OF EMBRYONATION 
It was discovered that C. caudinflata eggs would hatch in vitro when 
exposed to earthworm digestive juice. Tap water forced into the oral 
cavity of earthworms by means of a capillary pipette was used to flush 
the entire digestive tract. The contents emerging from the anus were 
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collected and filtered to remove debris. When a few drops of this 
filtrate were placed on a microscope slide with a drop of culture contain-
ing numerous embryonated eggs, the larvae became very active, and 
in 2 to 5 minutes most of them hatched. This method of hatching provided 
a valuable tool for the determination of maturity in C. caudinflata eggs, 
and was used in the experiment which follows. 
A C. caudinflata egg culture was collected from droppings passed 
by several infected chicks during a 5-hour period. Since most of the 
eggs contained motile embryos by the tenth day, a few drops of the 
culture were treated with freshly collected earthworm digestive juice. 
None of the larvae hatched. However, the same sample of earthworm 
digestive juice produced hatching in a 35-day-old culture, thereby 
proving the activity of the digestive juice sample. On the eleventh day, 
the eggs failed to hatch even after 22 hours exposure, whereas eggs from 
the 36-day-old control culture hatched within a few minutes. Although 
the digestive juice appeared to stimulate the worms to greater motility, 
the larvae were unable to rupture the egg. Similar treatment on the 
twelfth day caused three larvae to hatch. On the thirteenth day about 
25 larvae had hatched within 1 hour after treatment, thus indicating a 
much higher percentage of maturity than was present on the preceding 
day. 
Since the C. caudinflata eggs in this in vitro experiment were capable 
of hatching after a 12-day embryonation period, it is probable that 
the embryonation was complete and that the larvae would be infective 
to earthworms. 
DEVELOPMENTAL PERIOD IN THE EARTHWORM 
A series of experiments was carried out in order to determine the 
shortest developmental period required in the earthworm before C. 
caudinflata becomes infective to chickens. Earthworms for these experi-
ments were collected from localities where it was unlikely that they 
would be naturally infected with capillarids. The earthworms for each 
experiment were divided into two lots, one lot receiving embryonated 
capillaria eggs, the other being held for feeding to control chicks. Earth-
worms from the infected lot were given to chicks at varying intervals 
after receiving the capillaria eggs, while a similar number of earthworms 
from the uninfected lot was given to a control chick. 
In one experiment, three chicks received earthworms which had 
been exposed to embryonated eggs for 11, 15, and 21 days, respectively. 
All three chicks became infected with C. caudinflata, whereas the chick 
receiving earthworms from the control lot remained uninfected. 
In a second experiment, earthworms which had been infected, by 
means of a capillary pipette, with embryonated eggs 9 days previously 
were able to transmit the infection to a chick. A chick receiving uninfect-
ed earthworms from the control lot did not become infected with capil-
larids. 
In a third experiment, five chicks each received 40 to 50 earthworms 
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which had been infected by means of a pipette, with embryonated eggs. 
The respective lots of earthworms given to these five chicks had received 
embryonated eggs 1, 3, 5, 7, and 9 days before they were given to the 
chicks. C. caudinflata worms were found in the chick receiving earth-
worms infected for 9 days, but no capillarids were obtained from the 
other chicks. A control chick which had received 50 uninfected earth-
worms did not become infected with capillarids. In all the experiments 
conducted, 9 days in the earthworm was the shortest developmental 
period which has produced C. caudinflata larvae infective to chickens. 
DEVELOPMENTAL PERIOD IN THE CHICKEN 
Observations were made on 14 experimentally infected chicks in 
order to determine the length of time required before the female C. 
caudinflata worms become mature. Maturity was indicated by the ap-
pearance of eggs in the droppings. 
Centrifuge salt flotations were run on the droppings of each of the 
14 chicks on 1 to 5 consecutive days immediately preceding the appear-
ance of eggs in the droppings. Eggs were found on the twenty-second 
day in four of the chicks, on the twenty-third day in eight of them, and 
on the twenty-fourth day in two of them. In each case, the identity of the 
capillarids was proven by post-mortem examination of the chicks. 
The writer has examined many other chicks following experimental 
infection with C. caudinflata. In no case where female worms were 
present have the eggs failed to appear by the twenty-fourth day. 
Description of C. caudinflata Developmental Forms 
Tm: EMBRYOS 
Hatching, initiated by the application of earthworm digestive juices 
to embryonated eggs, produced abundant material for morphological 
study of the embryos. After hatching, the larvae were usually allowed 
to remain on the slide until they became quiescent, or they were heated 
gently over an open flame. It was found that a little acetic acid added 
to a weak alcoholic solution of iodine was very satisfactory for killing 
capillarid embryos and often helped to differentiate some structures. 
The newly hatched first-stage larvae (Plate I, Fig. 13, and Plate II, 
Fig. 1) were approximately .175 mm. long and .0086 mm. wide (Table 3). 
These larvae, after freeing themselves from the egg shell, moved slowly 
back and forth. The anterior end was most active, having a halting ex-
ploratory motion. This characteristic, carried over to the larvae occurring 
in the earthworm, was very helpful in their identification since the action 
was quite unlike that of rhabditids or other nematode parasites observed 
in earthworms. In some embryos, a stylet was seen protruding from the 
anterior end. The posterior end was bilobed. In these larvae, the oeso-
phagus was quite well differentiated, but the intestine was not well de-
fined. The cell body, which appears as a column of irregularly shaped 
cells, measured about .055 mm. in length. 
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LARVAE FOUND IN THE EARTHWORM 
No moulting forms have been recovered from earthworms, although 
the considerable growth and development which occurs in the earthworm 
and the fact that repeated attempts to infect chickens directly with 
embryonated eggs have proven unsuccessful, suggest that the embryos 
must have moulted at least once. 
Since developmental periods of 15 days in the earthworm have 
consistently produced infective forms, the larvae used for morphological 
studies were obtained from earthworms which had been infected for 15 
days or more. The second-stage larvae were obtained for observation 
in the following manner. Infected earthworms were placed in a petri 
dish, submerged in a little water and slit open with a pair of scissors. 
The internal structures were then scraped from the body wall and the 
macerated tissues examined under a wide-field binocular microscope, 
using a magnification of about lOOX. The larvae were usually found 
free of debris, resting on the bottom of the dish. 
TABLE 3 
MEAN MEASUREMENTS OF Capillaria caudinjlata LARVAE AND ADULTS* 
(All Measurements in Millimeters) 
Mean Mean 
Length Le~fh Dis-Stage Number of tance 
of of Mean Mean O esoph- Intes- Ant. End 
Development Worms Length Width agus tine to Vulva 
Embryos . .........•.. 10 .1 75 . 0086 .063 . 112 ..... . .. 
Larvae from 
earthworms . ........ 10 .183 .0119 .070 . 113 . . . . . . . . 
Larvae in 
chick (5 day) .. . .... 5 .552 .0228 . . . . . . . . . . . . . . . . . . . . . . . 
Larvae in 
chick (9 day) .... . .. 1 1 .160 .0280 .900 .260 . . . . . . . . 
Larvae in 
chick (11 day) ...... 
Larvae in 
2 1 . 560 .0270 1 .180 .380 . . . . . . . ~ 
chick (12 day) . .. ... 2 4 .320 .0339 2 .365 1 .955 . . . . . . . . 
Immature 
females (12 day) . . ... 
Immature 
2 5 .295 .0384 2 .950 2 . 345 . . . . . . . . 
female (13 day) .. .. . 
Immature 
1 8 .300 .0400 3 .640 4 . 660 . . . . . . . . 
females (17 day) . .... 
Immature 
2 15 .835 .0539 6 .155 9 .680 . . . . . . . . 
females (19 day) .. . .. 2 19 .650 .0679 6 .225 13.425 . . . . . .. . 
Immature 
male (12 day) ....... 1 3 .430 .0310 .... . ... . . . . . . . . . .... . .. 
Immature 
males (15 day) ...... 
Immature 
2 7 .520 .0392 3 .785 3 .735 . . . . . . . . 
males (17 day) . ... . . 
Immature 
2 9 .425 .0399 4 .305 5 .120 . . . .. . . . 
males (19 day) .... . . 2 12 .685 .0483 5 .780 6 .905 . . . . . . . . 
Adult females ......... 10 18 .960 .0693 6.470 12 .490 6 .580 
Adult males .. . . ...... 10 13 .970 .0587 6.210 7.760 ...... .. 
Length 
of 
Spicule 
. . . . . . . 
....... 
.. . .... 
. . .. . . . 
. . ..... 
...... . 
....... 
.. . .... 
...... . 
..... ' . 
....... 
...... . 
...... . 
.. . .. . . 
...... . 
1.140 
*The individual measurements from which these figures were obtained are recorded in 
the original thesis. 
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These capillaria larvae were approximately .183 mm. long and .0119 
mm. wide (Table 3). The posterior end, which bears a membraneous 
bilobed bursa-like structure, was narrowly rounded (Plate I, Fig. 14, and 
Plate II, Fig. 2). No stylet could be observed. The oesophagus was more 
clearly defined than in the first-stage larva, and a definite intestine could 
be clearly seen posterior to the cell body. The cell body measured about 
.061 mm. At either end of the latter structure irregular-shaped cells 
could be seen in the coelomic cavity. 
LARVAE FOUND IN THE CHICKEN 
When infected earthworms are eaten by a chicken and the C. 
caudinflata larvae start to grow, development is confined chiefly to the 
anterior r~gion for the first few days. 
Five C. caudinflata larvae recovered on the fifth day of development 
in the chicken (Plate I, Fig. 15, and Plate II, Fig. 3) averaged .552 mm. 
in length and .0228 mm. in width (Table 3). The ratio of the length of the 
oesophagus to that of the intestinal length was about 3: 1. Although no 
moulting larvae were found at this stage of development, it is probable 
that part of them had moulted, since two of the five larvae examined 
retained the membraneous bilobed bursa-like posterior appendage 
characteristic of all larvae examined from the earthworm, while this 
structure was lacking in three of the worms. The oesophageal-intestinal 
junction was clearly visible in four of these larvae. The intestine is 
better differentiated in the 5-day larvae than in those obtained from 
the earthworm, but there has been only a slight increase in its length. 
The oesophagus, however, is approximately eight times as long as it was 
in the larvae from the earthworm. No bacillary bands were observed. 
Measurements of one 7 -day larva gave a length of .8 mm. and a 
width of .0281 mm. The oesophageal-intestinal ratio was not obtained, 
since the junction could not be detected with certainty in this par-
ticular specimen. The bilobed posterior membrane observed in some of 
the 5-day larvae was absent. Thus, the larva resembled the 9-day larva 
except for its smaller size. 
A larva collected on the ninth day, i.e., 9 days after it was eaten 
by a chicken, had a length of 1.16 mm., the ratio of the length of the 
oesophagus to that of the intestine being approximately 9: 2. The maxi-
mum width was .028 mm. (Table 3). At this stage of development, the 
oesophagus appeared as a small tube running through the cell body 
(Plate II, Fig. 5). The latter structure, however, was not yet completely 
organized. The region posterior to the oesophageal-intestinal junction 
showed only slight development beyond that of the form found in the 
earthworm. Small refractile bodies present in this area were interpreted 
as early stages in the development of bacillary bands. 
The mean length of two 11-day larvae was 1.56 mm. and the mean · 
width .027 mm. (Table 3). The ratio of the length of the oesophagus 
to that of the intestine was about 11: 4. The principal development over 
the 9-day larva was an elongation of both the oesophageal and intestinal 
region, the latter region showing a large number of vacuoles. 
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Five larvae were obtained from a chicken 12 days after it had re-
ceived infected earthworms. In three of the five larvae the sex could be 
determined, although sexual differentiation was by no means complete. 
The mean length and width of two fem ale larvae was 5.295 mm. and 
.0384 mm., respectively (Table 3). The ratio of the length of the oeso-
phagus to that of the intestine was about 1: 1. No vulva or ovijector was 
present in these worms. However, a thick-walled vagina, slightly pos-
terior to the oesophageal-intestinal junction could be clearly seen. In 
the anterior region, the oesophagus and the cell body were well develop-
ed, as were two gland cells at the junction of the oesophagus and the 
intestine (Plate II, Fig. 4) . The bacillary bands were well formed in these 
larvae. 
One of the larvae, believed to be an immature male, had a length 
of 3:43 mm. and a width of .031 mm. (Table 3). This worm was con-
sidered to be a male because of the shape of the caudal end (Plate I, Fig. 
17) and the presence of a structure resembling a spicule. The junction 
of the oesophagus with the intestine could not be observed. 
Two sexually undifferentiated 12-day larvae averaged 4.32 mm. in 
length and .0339 mm. in width, (Table 3). The oesophageal-intestinal 
ratio was about 2.3: 1.9. These worms resembled the 11-day larvae in 
appearance except that the intestine was proportionally longer. One 
of these larvae was in the process of moulting (Plate I, Fig. 16), but no 
visible sexual differentiation was apparent in this larva. 
Growth in the posterior region of the larvae proceeded rapidly after 
the twelfth day. A young 13-day female (Plate I , Fig. 23) measured 
8.30 mm. in length and .04 mm. in width (Table 3) . The ratio of the 
length of the oesophagus to that of the intestine was about 1: 1.3. Little 
difference in appearance between this larva and the 12-day female larvae 
was noted. The reproductive organs were perhaps more plainly visible, 
but like the 12-day female , no genital opening or ovijector was present. 
Two immature male worms collected on the fifteenth day of develop-
ment in the chicken averaged 7.52 mm, in length and .0392 mm. in width 
(Table 3). Thus these worms were more than twice as long as the young 
male recovered on the twelfth day of development. The ratio of the oeso-
phageal length to that of the intestine was about 1: 1. In these worms, 
the oesophageal-intestinal junction was clearly differentiated. No definite 
bursa-like membrane or alae were present, but the caudal end was some-
what inflated, and it appeared that the two processes which later support 
the bursal membrane of the adult were beginning to make their ap-
pearance. 
None of the four male C. caudinflata worms observed on the seven-
teenth day of development in the chicken possessed the bursa-like 
membrane or the caudal alae characteristic of adult males of this species. 
The caudal extremity in these worms, as seen in lateral view, showed an 
enlarged asymmetrical bulblike structure approximately 1.25 to 1.5 times 
as wide as the body diameter. Two males averaged 9.425 mm. in length 
and .0399 mm. in width. The oesophageal-intestinal ratio was about 1: 1.2. 
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Although ovijectors were present on only four of the eight females 
observed on the seventeenth day, definite genital openings could be seen 
on the worms without ovijectors. It would be very difficult to differen-
tiate these immature females from capillarids of the species C. columbae. 
Therefore, the writer wishes to emphasize the necessity for working with 
adult worms when attempting specific identification. Maturity can be 
determined by the presence of eggs in the uterus since it has been 
determined that the ovijectors are formed before eggs develop. Two 
females averaged 15.835 mm. in length and .0539 mm. in width. The 
oesophageal-intestinal ratio was about 1: 1.6. 
Two 19-day-old male C. caudinflata worms were observed and 
measured. The characteristic bursa-like membrane supported by two 
T-shaped processes was present in both males, but caudal alae could be 
seen in only one of them. Even in this specimen the alae had not yet 
reached adult proportions. These males averaged 12.685 mm. in length 
and .0483 mm. in width. The oesophageal-intestinal ratio was about 
1: 1.2. 
The development was practically completed in seven 19-day-old 
female specimens observed. Partially formed eggs could be seen in the 
oviducts, but they were not yet enclosed in shells. The average length 
of the two females measured was 19.65 mm. and the average width was 
.0679 mm. The length of these worms exceeded the average length of 
10 adult female specimens measured (Table 3) . The oesophageal-intes-
tinal ratio was about 1: 2.1. 
THE ADULTS 
Little need be added to the description and figures of adult C. cau-
dinflata worms given by Shipley (1909) and Morgan (1932). The adults 
are small slender threadlike worms, very difficult to observe until they 
are removed from the intestine. The anterior portion consists of an 
oesophagus and cell body while the posterior portion contains the in-
testine and the genital organs. At the oesophageal-intestinal junction two 
oval or triangular glandular cells may be seen. The cuticula is faintly 
striated. A pair of lateral bacillary bands lie just beneath the surface and 
are very difficult to observe in many specimens (Plate I, Fig. 27). 
The females varied from 15.8 to 21.8 mm. long and averaged about 
.0693 mm. wide (Table 3) . The oesophageal-intestinal ratio was about 
1: 1.9. The females of this species are most easily recognized by the 
presence of a funnel-like appendage of the vulva which is located just 
posterior to the cell body (Plate I, Figs. 22, 24, 25, 26). This structure, 
which was found in all adult females, is a definite structure and not an 
inflation of the outer wall caused by endosmosis or a prolapsed sheath 
as suggested by Eberth (1863). Leading to the vulva is a thick-walled 
vagina, a uterus, and simple ovary consisting of a single tube. The in-
ternal structure is difficult to observe because it is usually masked by 
the presence of numerous brownish yellow eggs. The posterior end of 
the female is rounded, with the anus subterminal. 
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'I'h'e males of C. caudinflata are generally much smaller than the 
females. Ten males varied from 10.3 to 20.3 mm. in length and averaged 
.0587 mm. wide. The oesophageal-intestinal ratio is about 1: 1.2. These 
males may be distinguished from males of other species found in chickens 
by the presence of lateral caudal alae and a heart-shaped bursa-like 
membrane which terminates the posterior end (Plate I, Figs. 18, 19, 20, 
21). Two T-shaped processes support the latter structure. The spicule 
is slender, varying from 0.85 to 1.7 mm. in length. The spicular sheath 
bears no spines but is marked by transverse striations. 
THE LOCATION OF C. caudinflata IN THE DIGESTIVE TRAcT OF CHICKENS 
Records were obtained on the location of C. caudinflata in the diges-
tive tract of 25 chickens and 1 turkey. When each chick was killed, the 
entire digestive tract was removed for examination. In no case were 
worms found anterior to the small intestine. The lower digestive tract 
was divided into five portions. The first portion, the duodenal loop, 
constituted approximately one-fifth of the lower digestive tract, the 
remainder of the lower digestive tract being divided into four parts. The 
ceca, the duodenum, and each of these four parts were examined sep-
arately for capillaria worms, according to the manner described else-
where in this paper. 
Of 551 worms recovered from the chicks, 314 (56.99 per cent) were 
in the upper one-fifth (duodenal loop); 182 (33.03 per cent) were in the 
second fifth; 51 (9.25 per cent) in the third fifth; and 4 (0.73 per cent) in 
the fourth fifth. No capillarids were found in the last fifth or in the 
ceca. Of 238 capillarids from the turkey, 126 (52.95 per cent) were in the 
duodenal loop; 109 (45.79 per cent) in the second fifth, and 3 (1.26 per 
cent) in the third fifth. No capillarids were found in the fourth, or fifth 
· portions in the ceca. The proportion of male worms found in the turkey 
was 34.45 per cent, whereas the proportion of males in the 25 chicks 
was 31.95 per cent. 
From these data it may be concluded that Capillaria caudinflata is 
essentially a parasite of the upper half of the small intestine of chickens 
and turkeys and is particularly abundant in the duodenal loop. 
OBSERVATIONS CONCERNING HOST-SPECIFICITY IN c. caudinflata 
The literature regarding Capillaria caudinflata would seem to indi-
cate great freedom so far as host-specificity in this species is concerned. 
Due to the inadequate descriptions by earlier workers, it is impossible 
to draw up an accurate host list, although it appears that this capillarid 
has been found in the following gallinaceous birds: the European quail, 
Perdix coturnix; the common fowl, Gallus domesticus; the red grouse, 
Lago-pus scoticus; the pheasant, Phasianus colchicus; the golden pheasant, 
Chrysolo-phus pictus; the black grouse or grey-hen, Lyrurus tetrix; the 
capercaillie, Tetrao urogallus; the partridges, Perdix perdix and Perdix 
cinerea; and the ptarmigan, Lagopus lago-pus. 
In order to help clarify our knowledge of host-specificity, the writer 
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attempted to determine the susceptibility of turkeys, ducks, and pigeons 
to infection with C. caudinflata. 
On April 21, 1942, 11 earthworms of the species H. (A.) caliginosus, 
having been exposed to a 21-day-old culture of embryonated C. caudin-
flata eggs 25 days previously, were fed to a 15-day-old battery-raised, 
broad-breasted, bronze poult, No. 4950. Another poult, No. 4967, received 
11 earthworms of the same origin, but these earthworms had never been 
exposed to C. caudinflata worm eggs. A third poult, No. 4955, received 
no earthworms and was held as a cage control. 
Capillaria worm eggs were present when the droppings of poult No. 
4950 were examined by centrifuge salt flotation 23 days after the earth-
worms were given, but no eggs could be found in the droppings of the 
controls. The three poults were killed on May 16, 1942. Poult No. 4950 
w as host to 82 male and 156 female C. caudinflata worms, but no capil-
larids were found in the control poults Nos. 4955 and 4967. This is the 
first time that C. caudinflata has been transmitted to turkeys under 
controlled conditions, using experimentally infected earthworms as 
transmitting agents. 
An English sparrow, Passer domesticus, received 10 earthworms of 
the species H . (A.) caliginosus during a 3-day period. These earthworms 
had previously received embryonated eggs of C. caudinflata. Chicks 
which received earthworms from this same lot became infected. Since no 
capillaria worm eggs appeared in the droppings by the thirty-fourth day, 
the sparrow was killed, and post-mortem examination was made. One 
mature male and two mature female capillarids recovered from this 
bird on October 8, 1942, were identified as C. caudinflata. Several im-
mature specimens were also found. The mature females had an ovijector 
typical of C. caudinflata although no eggs were present in the repro-
ductive organs, thus accounting for the absence of eggs in the droppings. 
The mature male had the typical heart-shaped, bursa-like membrane and 
caudal alae characteristic of C. caudinflata (Plate I, Fig. 19). 
Five adult English sparrows obtained from a nearby poultry house 
were used in a second transmission experiment. On Oct. 9, 1942, two 
of these sparrows received earthwo.rms, H. (A.) caliginosus, which had 
been infected with C. caudinflata. The other three sparrows were held 
as cage controls. When one sparrow w'as killed on Nov. 13, 19•42, 12 male 
and 20 female C. caudinflata worms were recovered. Four of the males 
and five of the females were immature since caudal alae and the bursa! 
membrane of the males were lacking and no ovijector was present in 
the females. The other worms appeared to be mature except that no 
fully formed eggs were present in the uteri of the females. 
Salt flotation or centrifuge salt flotation examinations were made 
daily on the droppings of the other infected sparrow from the thirty-third 
day after earthworms were given until the bird was killed. No capillaria 
worm eggs appeared in the droppings until Nov. 20. The sparrow was 
killed immediately and the capillaria worms recovered. Of the 14 male 
and 20 female C. caudinflata worms present in this sparrow, one male and 
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five females were immature. Only two of the females contained fully 
formed eggs in their uteri. No capillarids were obtained from the three 
controls at post-mortem. 
It is probable that the English sparrow is not a normal host for C. 
caudinflata because (1) capillarid specimens recovered from sparrows 
were somewhat smaller than those commonly found in chickens, and (2) 
egg production did not begin until the capillarids had developed 41 days 
in the sparrow whereas the corresponding period in chickens has never 
been found to exceed 24 days. 
The results of these experiments lead the writer to believe that 
he has successfully transmitted C. caudinflata to sparrows, using earth-
worms of the species H. (A.) caliginosus as intermediate hosts. There is 
a remote possibility that the birds may have been naturally infected prior 
to the experiment, but this seems unlikely since repeated examination 
of the droppings revealed no capillaria eggs which could not be attrib-
uted to the experimental infection. Furthermore, the fact that both 
sparrows receiving earthworms became infected whereas none of the 
three controls was a host to capillarids also indicates experimental in-
fection. 
These experiments constitute the first record of C. caudinflata in-
fection in a passerine bird. Having thus shown that this species may 
develop in birds belonging to two different orders, the Galliformes and 
Passeriformes, it seemed quite possible that birds of other orders might 
also serve as hosts. Therefore, the writer attempted to infect a White 
Pekin duck and a White King pigeon with C. caudinflata by feeding them 
infected earthworms of the species H. (A.) caliginosus. Although control 
chicks receiving earthworms at the same time became infected with 
C. caudinflata, neither the duck nor the pigeon became infected. It is 
possible that repetition of these experiments might meet with greater 
success. 
OBSERVATIONS ON THE LONGEVITY OF c. caudinflata 
The maximum length of time which unhatched embryonated eggs 
of C. caudinflata may survive, the length of time this species may live in 
the earthworm, or the maximum age of adults in the chicken has not 
been determined. However, certain observations have been made which 
indicate that this species is long-lived in the egg stage and possibly in 
the earthworm, whereas the length of life in the chicken, at least in some 
cases, is comparatively short. 
Several cultures of C. caudinflata eggs were collected and allowed 
to become embryonated. They were then combined into two cultures 
and placed in an electric refrigerator where they remained for several 
months at a temperature of approximately 6°C. Both of these cultures, 
303-326 and 315-344 days old, respectively, produced infection in chicks 
when passed through earthworms. 
The writer has observed that heavily infested chickens kept in 
confinement may lose all or most of their capillaria infection within 
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a few months. In one recorded case, an experimentally infected New 
Hampshire chicken was used as a source of C. caudinflata cultures for 
4 months. This bird had lost all its capillarids, however, by the time it 
was killed 10 months following its initial infection. 
Experiments reported in this paper show that low temperatures 
which prevail in Northern Iowa during the winter months are. undoubt-
edly fatal to many C. caudinflata eggs. Nevertheless, the test which 
follows shows that some worms of this species are able to overwinter 
in this region. 
On May 12, 1942, two New Hampshire chickens, Nos. 7385 and 7448, 
about 13 weeks old, were each given 50 earthworms from a pen where 
chickens infected with C. caudinflata had been kept during the previous 
summer, no chickens having been in the pen since Oct. 22, 1941. On 
the following day each chick received 50 earthworms from this pen. 
Chicks Nos. 7 408 and 7 444, New Hampshire chicks of the same hatch, 
were given no earthworms and thus served as cage controls. 
Each of the chickens receiving earthworms became infected with 
C. caudinflata. Five males and four females were recovered from No. 
7448, and two females were obtained from No. 7385. Neither of the 
control chicks became infected. 
This test shows that C. caudinflata survived a period of 202 days 
from October to May and was then transmitted to chickens the following 
spring by feeding infected earthworms. It is not known whether C. 
caudinflata survived through the winter in the embryonated egg stage, 
in the earthworm or in both. 
EXPERIMENTS OF THE TRANSMISSION OF c. caudinflata BY 
SPECIES OF EARTHWORMS OTHER THANH. (A.) caliginosus 
Two attempts were made to transmit C. caudinflata by means of the 
manure worm Helodrilus (Eisenia) foetidus. On one occasion a chick 
received two earthworms of this species after they had been exposed to 
embryonated eggs of C. caudinflata for 35 days, but the chick did not 
become infected. In a second trial seven H. (E.) foetidus infected, by 
capillary pipette, with embryonated C. caudinflata eggs 26 days pre-
viously, were given to a chick. When this chick was killed 25 days later, 
no capillarids could be found. Several attempts to transmit C. caudinflata 
by using "night-crawlers," Lumbricus terrestris, as intermediate hosts 
gave negative results. 
DISCUSSION 
From the data obtained on the geographical distribution of Capillaria 
caudinflata, C. columbae, and C. retusa, it appears that C. columbae is 
the predominant species east of the Appalachian mountains whereas C. 
caudinflata predominates in the Midwest region. Only three birds 
infected with C. columbae (all from Minnesota) have been received 
from localities west of the Mississippi river, and records of C. caudinflata 
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in the Atlantic coast area are almost as scarce. This finding is in contrast 
to the opinion previously held by some investigators, that C. columbae is 
the predominant species throughout the United States. 
One wonders that more records of capillarids were not found from 
states west of Iowa, Kansas being the only state listed. Since hundreds 
of chickens were received from this area, especially from the states 
east of the Rocky Mountains, it seems likely that capillarids may not be 
as abundant in this area as they are farther ea.St. The absence of C. cau-
dinflata from arid regions would be understandable, due to the necessity 
of using earthworms as intermediate hosts, but does not account for 
their apparent absence in regions having abundant moisture. 
Eggs of C. caudinflata can be distinguished from those of C. columbae 
in several different ways. The difference in the length of the incubation 
period is one possible method, C. columbae requiring only 6-8 days 
whereas C. caudinflata requires 11-12 days. The shape of the eggs pro-
vides another distinguishing characteristic. Eggs of C. caudinflata are 
narrower in proportion to their length than those of C. columbae, and the 
latter frequently are more or less asymmetrical whereas the eggs of C. 
caudinflata are rarely so. Wehr (1939) found that the measurements of 
25 eggs of C. columbae vary from 50 µto 55 µin length and from 27 µto 
31 µ. in width. The measurements for a like number of C. caudinflata 
eggs, as recorded in this paper, were 50 µ to 59 µlong and 21 µto 24 µ 
wide. A third difference is the character of the egg shells. The egg shells 
of C. caudinflata are truly punctate shells. When a microscope is focused 
on the surface of the shells and the light properly adjusted, pinpoint 
areas of brighter illumination may be seen dotting the surface. One can ' 
see the surface markings even more advantageously under dark-field 
illumination and especially so in embryonated or partially embryonated 
eggs. Eggs of C. columbae are also said to have punctate shells, but the 
writer has observed a different type of marking. To describe their sur-
face as having an etched or sculptured appearance conveys a better pic-
ture than to speak of them merely as being punctate. As in the case of 
C. caudinflata, the surface markings appear to have no characteristic 
design or pattern. Since the eggs of C. retusa have not been studied, it 
is not known whether they possess any outstanding characteristics 
sufficiently constant to <=1llow one to distinguish them from eggs of C. 
columbae or C. caudinflata. 
The environmental factors influencing the development of a para-
site egg are often of great significance so far as they relate to control 
measures. In the experiments conducted on the effect of temperature 
on C. caudinflata eggs, unembryonated eggs were able to withstand low 
temperature better than embryonated eggs, but the latter were better 
able to withstand high temperatures. This conclusion coincides with 
the results obtained by Wehr (1939) who stated that, at the same temper-
ature, embryonated eggs of C. columbae are apparently viable for a 
shorter time than non-embryonated eggs. It should be noted that the 
temperature extremes to which these capillaria eggs were subjected, i.e., 
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approximately 14°F. to 104°F ., are within the temperature range of 
much of the northern half of the United States. It is therefore probable 
that many C. caudinflata eggs are actually killed during extreme weather 
conditions in this region. 
Levine (1937) reported that embryonated eggs of C. columbae were 
dead 14 days after being dried by an electric fan. Wehr (1939) working 
with the same species stated that air drying partially embryonated eggs 
for 24 hours was lethal to the eggs. On the contrary, the writer has 
found that drying embryonated eggs of C. caudinflata for 24 hours served 
in some way as a stimulus for the hatching of the eggs when water was 
added to the culture. 
Capillaria caudinflata is readily transmitted to chickens through 
earthworms of the species Helodrilus ( Allolobophora) caliginosus. Care-
fully controlled experiments have shown that this species of earthworm 
serves as a true intermediate host. During these experiments, several 
thousand earthworms have been used. Obviously, it would be almost 
impossible to make a specific identification of each individual earthworm. 
However, specimens have been carefully identified from representative 
samples taken in the various places from which the worms were col-
lected. Although it is possible that specimens of some other species may 
have been included in a few cases, the great majority of the worms are 
known to be H. (A.) caliginosus. 
On March 27, 1942, some 5 months after the writer had first trans-
mitted C. caudinflata with earthworms tentatively identified as H. (A.) 
caliginosus, specimens of these earthworms were sent to the Bureau of 
Animal Industry, U. S. D. A. , Washington, D. C. These earthworms 
were identified as H. (A.) caliginosus, thus confirming the writer's identi-
fication. 
Just as the discussion and conclusions of this investigation were 
being written, preparatory to its submission to the graduate faculty as 
a doctoral thesis, a note by R. W. Allen and E. E. Wehr (1942) entitled, 
"Earthworms as possible intermediate hosts of Capillaria caudinflata of 
the chicken and turkey," appeared in the Proceedings of the Helmin-
thological Society of Washington. These authors apparently showed that 
C. caudinflata may be transmitted through earthworms to chickens and 
turkeys, although their experiments were not controlled and therefore 
failed to prove that the earthworms served as true intermediate hosts. 
According to the note by Allen and Wehr, all results of their ex-
periments were obtained subsequent to March 27, 1942. It appears that 
these investigators had no evidence of transmission until April 18, 1942, 
whereas experiments reported in this paper show that the writer had 
obtained evidence of transmission to chickens some 5 months before 
these investigators began their experiments. It should be further noted 
that the writer had transmitted C. caudinflata to turkeys about 2 weeks 
earlier than the date recorded by Allen and Wehr. 
The utilization of earthworm digestive juice for causing C. caudin-
flata embryos to become motile and to hatch provides a valuable research 
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technique which was used on one occasion to determine maturity in 
embryos and once to determine mortality in eggs subjected to low tem-
perature. It is unfortunate that this method was not developed earlier 
so that other experiments involving the effect of temperature on em-
bryonated eggs could have been repeated. 
Studies on the development of C. caudinflata larvae indicated that 
considerable development occurred in the earthworm, the larvae prob-
ably moulting at least once during this period. After the earthworms 
were eaten by a chicken, the oesophageal region of the larva developed 
rapidly, but there was little growth in the int~stinal region for several 
days. By the twelfth day, however, the intestine had grown until it was 
approximately equal to the length of the oesophageal region. A moulting 
larva was found on the twelfth day in one chicken, together with sexually 
undifferentiated larvae and immature male and female worms. The 
secondary sexual organs such as the caudal alae of the male and the 
ovijector of the female were not yet present in 15-day specimens. The 
ovijector did not appear in females until the seventeenth day of develop-
ment in the chicken, and the secondary sexual organs of the male did 
not appear until the nineteenth day. 
Capillaria caudinflata is primarily a parasite of the duodenal loop 
of both chickens and turkeys. When the intestine was examined in five 
approximately equal parts, it was found that a little over half the worms 
were in the duodenal loop of the chicken and turkey and that about 90 
per cent of them were in the upper two-fifths of the chicken intestine, 
while none were in the ceca of either the chicken or turkey. Therefore, 
references by earlier investigators to the presence of this species in the 
ceca of birds must be a case of mistaken identity of the species found 
in the ceca. 
SUMMARY 
1. The capillarid of the lower digestive tract of chickens and other 
avian hosts, formerly referred to as Trichosoma longicolle Rudolphi, 1819, 
or other questionable synonyms, is properly called Capillaria caudinflata 
(Molin, 1858). 
2. In a geographical distribution study, Ca,pillaria caudinflata was 
collected from 13 different states, C. columbae from 11 states, and C. 
retusa from 3 states. C. caudinflata was more prevalent than C. columbae 
in the Midwest, but the reverse was true in states east of the Appalachian 
Mountains. 
3. Capillaria caudinflata could not be transmitted by feeding em-
bryonated eggs directly to chickens. 
4. Earthworms of the species Helodrilus ( Allolobophora) caliginosus 
served as true intermediate hosts to C. caudinflata. 
5. Attempts to transmit C. caudinflata by using earthworms of the 
species Helodrilus (Eisenia) foetidus and Lumbricus terrestris were un-
successful. 
6. The life cycle of Capillaria caudinflata required 42-45 days, 11-12 
days of which were needed for embryonation of the ova, 9 days for devel-
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opment in the earthworm, and 22-24 days for development in the 
chicken. 
7. All attempts to utilize various species of grasshoppers, beetles, 
houseflies, ants, and sow-bugs as intermediate hosts were unsuccessful. 
8. Eggs of Capillaria caudinflata can be distinguished from those of 
Ca,pillaria columbae by differences in their size, shape, and the surface 
markings of their shells. 
9. Temperatures corresponding to the extreme outdoor conditions 
in Northern Iowa were detrimental to Capillaria caudinflata eggs; how-
ever, this species was able to overwinter in poultry yards of Northern 
Iowa. Unembryonated eggs were able to withstand low temperature · 
better than embryonated eggs but the latter were better able to with-
stand high temperature. 
10. When Capillaria caudinflata eggs were treated in vitro with 
filtered digestive juice of earthworms they hatched within a few minutes, 
thus providing a valuable technique for provmg or disproving the via-
bility of the embryos. 
11. The various developmental stages in the life cycle of Ca,pillaria 
caudinflata have been studied. 
12. Capillaria caudinflata was transmitted to a turkey and to three 
English sparrows, but a pigeon and a White Pekin duck failed to become 
infected after receiving infected earthworms. 
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PLATE I 
Capillaria caudinflata 
Fig. 1. Unsegmented egg showing translucent equatorial spot. 
2. Two-cell egg at about 24 hours of development. 
3. Three-cell egg at about 26 hours of development. 
4. Four-cell egg. The division of the central cell to produce the 
fourth cell is atypical. 
5, 6. Eggs after 45 hours of development. Approximately 8 bla-
stomeres. 
7. Egg after 70 hours incubation showing peripheral arrangement 
of the blastomeres. 
8. Egg after 80 hours of development showing embryo shrunken 
away from the egg shell. The embryo is nonmotile at this stage. 
9. At 100 hours the "bean-shaped" embryo shows a translucent end. 
10. The embryo becomes S-shaped due to rapid elongation. 
11, 12. Mature embryos photographed after 11 days of development. 
13. First stage larvae escaping from the egg. X ca 120. 
14. Larva after 15 days of development in the earthworm. X ca 245. 
15. Larva after 5 days of development in the chicken. X ca 65. 
16. Moulting larva shown on the twelfth day of development in the 
chicken. X ca 120. 
17. Lateral view of the caudal end of a young male seen on the 
twelfth day of development in the chicken. 
18. Lateral view showing the caudal end of the adult male. 
19. Caudal end of adult male obtained from the English sparrow. 
Note the lateral alae and the heart-shaped bursa-like membrane. 
20, 21. Lateral views of the caudal end of adult males from chickens. 
22. Vulval region of adult female showing the ovijector. 
23. View showing the vulval region in a 12-day immature female. 
No ovijector has yet been formed. X ca 350. 
24, 25, 26. Views showing difference in appearance of the ovijectors 
in adult female worms from chickens. Note the egg being dis-
charged in Fig. 26. 
27. View of the body wall which has been removed and flattened to 
expose the two bacillary bands characteristic of C. caudinflata. 
• 
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PLATE II 
C. caudinflata larvae 
~ Fig. 1. Recently hatched first-stage larva. Note the bilobed posterior 
end. 
2. Larva after 15 days of development in the earthworm. This 
larva also has a bilo bed posterior end. 
3. Larva after 5 days of development in the chicken. Only part of 
the 5-day larvae have a bilobed posterior end. 
4. Larva after 12 days of development in the chicken, showing 
oesophageal-intestinal junction. Note the two glandular cells 
located at this junction. 
5. Larva after 9 days of development in the chicken. 
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EFFECT ON THE CHINCH BUG (BLISSUS LEUCOPTERUS SAY) 
OF CONTACT WITH VARIOUS DINITROPHENOLS 
AND OTHER DUSTS1 
OscAR E. TAUBER, ANNE HAGER TAUBER, Wru.:rs N. BRUCE, AND JAMEs T. GRIFFITHS, JR.' 
From the Entomology and Economic Zoology Section, Iowa Agricultural 
Experiment Station 
Received May 25, 1943 
Three years ago Decker and Drake (1940) noted the high toxicity 
of dinitro-ortho-cresol toward the chinch bug, and suggested "a possible 
wide use for 3,5-dinitro-o-cresol ... in temporary barrier construction." 
In May, 1942, W. P. Flint, State Entomologist of Illinois, distributed a 
mimeographed circular3 in which he very briefly stated his experiences, 
"for two full seasons," with dinitro-o-cresol (DN) dust as an acceptable 
chinch bug barrier. 
Paucity of more definite information, and the danger of an impend-
ing shortage, during the present war, of creosote for chinch bug barriers 
made it desirable to investigate more thoroughly with laboratory tests 
the potentialities of some of the dinitrophenol dusts against the chinch 
bug. Investigations were begun in 1942 as soon as the bugs became num-
erous enough to be collected in the field in large numbers. The problem 
was continued until the species became too dispersed for practical col-
lecting. 
MATERIALS AND METHODS 
All stages of the chinch bug, Blissus leucopterus Say, were field 
collected in various localities of western Iowa. Fresh young corn plants 
served as food for the captured stock colony. Overwintered adults from 
1941, as well as first generation adults of 1942 were used. The data from 
these were kept separate. Results from the former are indicated by 
"Adult '41"; data from the latter are marked "Adult '42." 
Some of the chemicals used were obtained in diluted mixtures from 
Standard Agricultural Chemicals, Inc., and from The Dow Chemical 
Company. Other compounds were secured in pure form from the above 
and other companies, and prepared as previously described by Tauber, 
Tauber, Joyce, and Bruce (1943). 
The method used was essentially that already described by Tauber 
et al. (19'43) in their contact toxicity tests with the dog tick, Dermacentor 
variabilis. Briefly stated, the technique consisted simply of setting up a 
1-inch wide, circular barrier of dust, 6 inches in diameter, on a smooth 
paper surface. The 4-inch circle inside was dust free. Weighed amounts 
1 Journal Paper No. J-1119 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 372. 
• Now with U. S. Army Sanitary Corps. 
' Not available in Library files. Received as a personal communication by C. J. 
Drake, Iowa State College. 
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of the dust were used in the construction of the barrier so that the 
amount distributed over the 1-inch band consisted of a sample equivalent 
to 65 to 75 pounds an acre. Insects to be tested were released in the 
dust-free 4-inch circle, and then recaptured after voluntarily crossing 
the level, 1-inch barrier of dust. Ten individuals were used in each trial; 
at least 10 trials, often as many as 40, were run in each test condition. 
Small camel-hair brushes were used to transfer or to guide the insects 
into vials in which they were retained during the period of observation. 
Vials were stoppered with cotton and kept at room temperature. One 
series of bugs was not fed after the tests; another series was given parts of 
fresh corn leaves daily, at least once and sometimes twice. 
RESULTS AND DISCUSSION 
Experiments of the first series in which the bugs were not fed after 
treatment were really of a preliminary, exploratory nature to determine 
the working range of dinitro-o-cresol. However, beca.use the results 
nicely demonstrate the necessity of giving the chinch bug, especially the 
early instars, access to food when transferred to vials, tubes, or cages for 
laboratory study, these results on the unfed bugs are included here and 
presented in Table 1. 
TABLE 1 
EFFECT O F CONTACT WITH PYROPHYLLITE-DILUTED DINITRO-ORTHO-CRESOL 
ON CHINCH Buos UNFED AFTER TREATMENT 
I 
Concen-
tration Percentage Killed at 
No. Percent-
-Stage T ested age 2 hrs. 5 hrs . 10 hrs . 24 hrs. 48 hrs. 
Instar 1 . .. . 150 1.0 100 . . . . . . . . . . . . . . . . . . . .. . . . . .... . . . . . . . . . 
lnstar 2 ... . 150 1.0 96* 96 97 100 .. . .. .. . . 
lnstar 3 .... 150 1 . 0 24 27 36 62 82 
Ins tar 4 .... 150 1.0 12 16 21 48 63 
Instar 5 .... 100 1.0 8 16 32 71 96 
Adult '41 ... 100 1.0 9 36 60 81 91 
Instar 1 .... 150 2 . 0 100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Instar 2 .... 150 2 . 0 100 . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. . ... .. 
lnstar 3 .... 150 2 . 0 92 96 97 99 100 in 
30 hrs. 
Ins tar 4 .... 100 2 . 0 56 66 72 82 100 in 
I 
45 hrs. 
Instar 5 .... 200 2 .0 68 I 76 86 90 98 Adult ' 41 ... 200 2.0 14 30 43 75 98 
Instar 3 .... 200 4 . 0 100 in 1 hr . . . . . . . . . . . . . . . .... . . .... . . . . . 
Instar 4 .... 200 4 . 0 100 in less than 2 hrs . . . . . . . . . . . . . . . . .... 
Instar 5 . . . . 200 4 . 0 84 
I 
87 
I 
90 92 95 
Adult '41 ... 200 4 . 0 24 76 90 92 94 
Instar 3 .... 200 8 . 0 100 in less than 1 hr. . . . . . . . . . . . . .... . .. 
Instar 4 .. .. 200 8 . 0 100 in less than 1 hr. . . . . . . . . . . . . . . . . . . . 
Instar S .... 200 8 .0 90 I 100 in 4 hrs. . . . . . . . . . . . . . . . ... . Adult ' 41 ... 200 8.0 50 94 I 96 100 in 20 hrs. 
Ins tar 3 .... 400 12 . 0 100 in less than 1 hr. . . . . . . . . . . . . . . . .. .. 
Instar 4 . ... . 400 12 . 0 100 in less than 1 hr . . . . . . . . . . . . . ... . . . . 
Instar 5 .... 400 12 . 0 100 in less than 1 hr. . . . . . . . . . . . . . . . . ... 
Adult ' 41. .. 400 12.0 100 in less than 1 hr. . . . . . . . . . . .... .. ... 
* Throughout this paper results are expressed in nearest whole number. 
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Actually, tests with DN-o-C concentrations less than 1.0 per cent 
were made but showed no significant differences in mortality from the 
unfed controls, and these results are omitted from Table 1. In other 
words the effects of starvation and dehydration were so severe on unfed 
bugs that deprivation of food and water brought death before the toxic 
action of lesser DN-o-C concentrations had a chance to act. The mortality 
of unfed controls is given in Table 2. 
Stage 
Instar 1 ... . ....... 
Instar 2 ........... 
Ins tar 3 ......... . . 
Instar 4 ........... 
Instar 5 .... . .... .. 
Adult '41 ......... 
Adult '42 ......... 
TABLE 2 
MORTALITY OF UNFED CONTROLS 
Percentage Dead a.t 
No. Tested 2 hrs. 5 hrs. 10 hrs. 24 hrs. 
160 8 14 30 59 
170 3 5 12 54 
200 1 4 8 35 
220 1 2 4 14 
240 l 2 3 12 
200 1 3 4 12 
250 0 2 4 12 
48 hrs. 
80 
79 
73 
42 
25 
29 
30 
In most cases, the death rates shown in Table 2 are higher than those 
reported by Janes, Hager, and Carman (1935) for unfed chinch bugs 
held at various combinations of constant temperature and humidity. In 
every case, however, they also report that bugs having access to cotton 
moistened with water or sugar solution lived longer than starved con-
trols. During the present series of experiments no attempt was made to 
regulate either temperature or humidity, and the fluctuating room con-
ditions may have been more severe than the regulated environment used 
by Janes, Hager, and Carman (1935) with their chinch bugs. 
In other tests to be described, except for some listed in Table 4, 
bugs had access to parts of young corn plants at all times. Sufficient trials 
were made to show that bugs had a higher survival on pieces of corn 
leaf rather than on sections of corn stalk. The results are in Table 3. 
Consequently, parts of corn leaves were placed in all vials with bugs of 
the subsequent tests. 
Most mixtures with DN-o-C contained Pyrax or Pyrophyllite as 
diluents. These two materials are apparently trade names for similar 
TABLE 3 
MoRTALITY oF CHINCH Buos F EEDING ON STALKS OR L EAVES OF CoRN PLANTS 
Percentage Dead at 
No. Type of 
Stage Tested Food 2 hrs. 5 hrs. 10 hrs. 24 hrs. 48 hrs. 
Instar 5 .... 200 Stalks 1 3 5 13 17 
Adult '42 ... 200 Stalks 1 3 5 10 15 
Ins tar 5 .... 440 Leaves 0 1 2 5 9 
Adult '42 .. . 970 Leaves 0 3 4 8 11 
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substances. In some cases 320-mesh dusting sulfur was used as a diluent. 
Experiments showed that these diluting dusts, in themselves, had some 
toxicity toward the chinch bug, especially in the earlier instars. A sum-
mary of the data is found in Table 4. 
According to the results of Table 4 there seems to be little choice 
among the types of sulfur; all had about the same effect on the chinch 
bug. Although the straight sulfur appears slightly less toxic than the 
TABLE 4 
M ORTALITY OF C HINCH Buos E XP OSED TO VAR IOUS T YP ES OF DrLUENTS 
No. State of 
Percentage Dead at 
Stage T ested Diluent Nutrition 2 hrs. 5 hrs. 10 hrs. 24 hrs. 48 hrs. 
--- - ----
lnstar 2 .... 150 Pyrophyllite Unfed 8 48 63 99 100 at 
or Pyrax 30 hrs. 
Instar 3 . . . . 150 " " 8 24 52 96 100 at 
36 hrs. 
Insta r 4 .. . . 150 " " 2 13 27 68 98 
Insta r 5 .. .. 150 " " 0 1 5 15 42 
Adult '41 .. 250 " " 4 22 34 47 51 
Instar 5 . . . . 450 " Fed 2 6 8 20 29 
Adult '42 . . 450 " " 2 5 8 18 31 
Adult '42 . . 200 320-mesh sulfur * " 1 2 4 18 25 
Adult '42 .. 100 Conditioned sulfur " 1 2 3 14 21 
Adult '42 . . 100 Wettable sulfur " 1 3 4 16 24 
Adult '42 . . JOO R efined sulfurt " 0 1 4 20 26 
* Commercial dusting sulfur. 
t Finely powdered sulfur as purchased from a drug store. 
straight Pyrophyllite, when the former is combined with DN-o-C, the 
resultant mixture is more toxic than the same percentage of DN-o-C in 
Pyrophyllite. This difference is noted in Table 5. 
Although circumstances of time, program of experiments, and availa-
bility of bugs made it impossible to compare 1941 overwintered adults 
with first-generation adults of 1942 throughout the investigations, the 
decreased vigor of aging overwintered forms makes it important that 
investigators on chinch bugs know the condition of their test insects. 
One point in Table 5 which is perhaps deserving of additional in-
vestigation is the increase in toxicity resulting from an impregnation 
of the pyrophyllite with a solution of the DN-o-C. In our trials ether was 
used as the solvent. Weighed amounts of the DN-o-C were dissolved, and 
then mixed with the dry diluent. When larger volumes of the carrying 
solvent were necessary, a paste was formed, but this soon dried out and 
was easily reduced to a powder by screening and sieving. By impregna-
tion, the toxic material is distributed over the diluent in molecular form 
rather than through the diluent in particulate form as when the dry 
ingredients are mixed. Better distribution through the diluent means 
increased chances of bringing the toxic agent in contact with the bug's 
body surface. Results in Table 5 indicate that impregnation was of special 
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TABLE 5 
M ORTALIT Y OF F ED CHINCH Buos TO DINITRO-ORTHO- CRESOL DILUTED WITH 
EITHER PYROPHYLLITE OR SULFUR 
No. Cone. 
Percentage Dead at 
Stage T ested Percentage Diluent 2 hrs. 5 hrs. 10 hrs. 24 hrs. 
---------
Instar 5 .... 150 0 . 5 Pyrophyllite 2 6 12 21 
Adult ' 42 .. " " " 0 2 6 14 
Instar 5 .... " 1.0 " 6 9 15 34 
Adult '42 .. " " " 14 18 28 44 
Adult ' 42 .. " 1 .0 " 20 26 37 52 
by ether sol. " 
Instar 5 .... 200 
impregnation 
2 .0 " 2 5 13 30 
Adult ' 42 .. " " " 11 45 50 61 
Adult ' 42 .. " 2 .0 " 28 49 58 68 
by ether sol. 
Instar 5 .... " 
impregnation 
4 .0 " 34 47 53 63 
Adult ' 42 .. " " " 51 79 82 90 
Adult '42 . . " 4 .0 " 56 80 88 94 
by ether sol. 
Instar 5 .... 250 
impregnation 
8 .0 " 91 93 93 94 
259 
48 hrs. 
--
33 
33 
40 
50 
66 
45 
68 
79 
71 
92 
100 
94 
Adult ' 42 .. 200 " " 90 93 96 100 at 19 hrs. 
Instar 5 . .. . 150 8 .0 " 40 74 90 97 99 
with 5% oil 
" Adult '42 . . 100 8 .0 97 99 100 . . . . . . .. . ... 
by ether sol. 
Instar 5 .... 150 
impregnation 
12 .0 " 82 83 85 93 95 
Adult ' 42 .. " " " 100 . . . . . . . . . . . . .. . . . . . . . . . . 
Adult ' 42 .. 100 4 .0 Sulfur 65 100 at 3 hrs. . . . . . . ...... 
Adult ' 42 .. " 8 .0 " 95 100 at 2r2 hrs . .... . . . . . . . . 
Adult ' 42 .. 300 12 .0 " 96 100 at 2U hrs. . . .... . . . . . . 
Adult ' 42 .. 100 16.0 " 100 at % hr. .. . . .. . . . . . . 
value in increasing toxicity of lower concentrations of the DN-o-C. At the 
1.0, 2.0, and 4.0 per cent levels, these preliminary trials show a pronounced 
advantage from impregnation. However, the increase in toxicity becomes 
less evident with higher amounts of DN-o-C, and at the 8.0 per cent 
level only a slight increase in toxicity resulted from impregnation. Evi-
dently at this level, and higher, the ratio of DN-o-C to diluent is sufficient 
to assure good distribution throughout the mixture when only mechanical 
mixing of dry ingredients is used. Manufacturers of dinitro mixtures 
state that solvent impregnation is entirely feasible without adding mater-
ially to the cost of preparation since the solvent could be recovered and 
used again. 
Entomologists who have had experience in making dinitrophenol 
mixtures probably have also noticed that certain of these toxic principles 
diffuse quite readily even at room temperature. It is conceivable that 
even at lower concentrations this sublimation serves to equalize the 
distribution of the poison through the diluent. It is possible that mechani-
cal mixes of low toxic content kept in tight containers at a warm tempera-
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ture might eventually attain better distribution of the poison than that 
present just after mixing the dry materials. This possibility should be 
tested. 
The higher mortality with sulfur mixes may be partially attributable 
to the increased adherence of the sulfur-DN-o-C combination to the 
chinch bug's body, as well as to the inherent toxicity of the sulfur itself. 
At least it seemed that the test bugs picked up more of the sulfur mixtures 
than the pyrophyllite dusts, after walking through the respective bar-
riers. 
TABLE 6 
EFFECTS WITH D1N1TRO-ORTHO-SECONDARY-BUTYL-PHENOL ON CmNcH Buas WITH 
AccEss TO Fooo AFTER TREATMENT 
Percentage Dead at 
No. Cone. 
Stage Tested Percentage Diluent 2 hrs. 5 hrs. 10 hrs. 24 hrs. 48 hrs. 
------------
Ins tar 5 .... 250 1 .0 Pyrophyllite 16 27 34 69 75 
Adult '42 .. " " " 13 26 41 78 81 
Ins tar 5 .... " 2 .0 " 21 44 63 87 92 
Adult ' 42 .. " " " 30 53 70 92 96 
Ins tar 5 .... " 4.0 " 29 81 90 100 at 19 hrs. 
Adult '42 .. " " " 37 79 99 100 at 19 hrs. 
Instar 5 .... " 8.0 " 40 93 100 at 7 hrs. . ..... 
Adult '42 . . " " " 45 98 100 at 6.Yz hrs. ...... 
Ins tar 5 .... " 8 .0 " 47 72 83 
I 
95 100 
" 
with 5% oil 
" Adult ' 42 .. " 53 79 87 100 .. .. .. 
Even when special care was taken to prevent clumping during the 
preparation of barriers made with dusts containing 5 per cent oil, these 
mixtures tended to show a slight decrease in killing ability. (See Tables 
6 and 7, also.) This lesser toxicity showed up in spite of a greater ad-
herence by the oiled dusts. However, this property is likely in this case 
TABLE 7 
EFFECTS W1TH D1NITRO-ORTHo-cvcLOHEXYL-PHENOL ON CHrNcH B ucs WITH 
ACCESS TO Fooo AFTER TREATMENT 
Percentage Dead at 
No. Cone. 
Stage Tested Percentage Diluent 2 hrs. 5 hrs. 10 hrs . 24 hrs. 
---------
Ins tar 5 .... 250 1.0 Pyrophyllite 8 11 19 31 
Adult '42 .. " " " 7 13 21 38 
Instar 5 .... " 2 .0 " 25 34 45 53 
Adult '42 .. " " " 21 47 54 60 
Ins tar 5 .... " 4 .0 " 32 61 70 90 
Adult '42 .. " " " 38 64 76 96 
Ins tar 5 .... " 8 .0 " 54 66 88 100 
48 hrs. 
---
39 
46 
69 
73 
94 
98 
. . .. . . 
Adult '42 .. " " " 74 96 98 100 at 21 hrs. 
Ins tar 5 .... " 8 .0 " 60 84 91 95 1 100 with 5% oil 
Adult '42 . . " " " 47 75 88 98 98 
DINITROPHENOLS AND CHINCH BUGS 261 
TABLE 8 
EFFECTS WIT H AMMONIUM AND GUANIDINE D INITR O-OR T H O- CR ESYLATES ON 1942 ADULT 
C m NCH B ucs WITH A ccEss TO Fooo A FTE R TRE ATME NT 
Cone. Percentage Dead at 
No. Percent-
T ested Chemical age Diluent 2 hrs . 5 hrs . 10 hrs. 24 hrs. 48 hrs. 
--------
100 NH3D N-o-cresy la te 8 . 0 Pyrophyl- 100 . . . . . . . . . . . . . . . . . . . ..... 
lite 
100 " 12 .0 " 100 in 1 hr. . . . . . . . . . . . . ...... 
200 " " Sulfur 100 in 1;!1 hrs. . . . . . . . . . . . . ..... . 
100 Guanidine DN-o- 8 .0 " 24 I 54 65 90 96 cresylate 
to .lead to a disadvantage in that the oiled dusts are less fluffy than dry 
dusts. Clumping tends to keep the oiled dusts in larger aggregates which 
are too heavy to stick to the insect's body. These oiled dusts were received, 
as such, from the manufacturers. Oil had been added in the belief that 
such treatment would make the dust stand up better against weathering. 
Decker (1943) reports in his field trials that the oiled dusts were "slightly 
more wind-resistant than those without oil." He also states that all dust 
lines, with or without oils, were subject to severe damage by heavy rains. 
Laboratory tests were also made with four other dinitrophenols. 
Results are arranged in Tables 6, 7, and 8. 
Examination of data in Tables 5, 6, and 7 indicates that the dinitro-o-
secondary-butyl-phenol is more toxic than either dinitro-o-cresol . or 
dinitro-o-cyclohexyl-phenol. The last named compound is generally 
slower than the other two in its lethal effects, especially at lower concen-
trations. These results agree with Decker's (1943) findings with a differ-
ent procedure of tests of dinitrophenols with the chinch bug. If the 
preliminary results with ammonium dinitro-o-cresylate (Table 8) are 
indicative of data which may show up with further tests with larger 
samples of bugs, this compound shows even more promise. Decker's tests 
(1943) on foliage injury to corn and oats seedlings indicate that this 
ammonium salt is less injurious than either the dinitro-o-secondary-
butyl-phenol or the dinitro-o-cresol, but more injurious than the dinitro-
o-cyclohexyl-phenol. The ammonium compound has a disadvantage in 
being quite irritating to the respiratory tract of man, and greater precau-
tions would be necessary in handling it. (Recent toxicological and 
pharmacological studies on effects of the sodium salt of 3-5-dinitro-o-
cresol on mammals have been published by Ambrose, 1942.) At the 12 
per cent level, substitution of sulfur for pyrophyllite as the diluent of 
the ammonium salt resulted in no significant difference. Death came so 
rapidly (1 to 1112 hours) that no attempt was made to analyze any differ-
ence in speed of action. 
Theoretically, from what is now known of the toxicity of dinitro-
phenols, there is no apparent reason why the ammonium dinitro-o-cresyl-
ate should be more toxic than the straight DN-o-C. However, the am-
monium salt is much more water soluble, and this property may increase 
• 
• 
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its ability to enter, dissolve in, and be distributed in the insect's interior 
which is bathed by a medium which is basically aqueous. It is hoped that 
this suggestion may be tested with experimental procedures in the near 
future. 
Table 9 includes data from a variety of compounds furnished by dif-
ferent manufacturers for purposes of tests. Included are some additional 
dinitrophenol derivatives. None of the materials of Table 9 showed any 
striking toxicity toward the chinch bug, even when used, in some cases, as 
the pure compound. It should be stated, however, that certain of the 
preparations really do not have the physical properties necessary for use 
as a dust, and our tests, therefore, may not have afforded a fair measure 
No. 
TABLE 9 
EFFECTS WITH MISCELLANEOUS COMPOUNDS ON 1942 ADULT CHINCH Buos WITH 
ACCESS TO FooD AFTER TREATMENT 
Cone. Percentage Dead at 
Percent-
Tested Chemical ages Diluent 2 hrs. 5 hrs. 10 hrs. 24 hrs. 48 hrs. 
- ----- - - - - --
200 "Thanite" • 6 .0 ?t 2 3 4 8 11 
100 Orthophenyl phenol 20.0 Loom Kill 7 15 23 42 50 
Talc 
100 " 30 .0 " 10 19 28 55 65 
150 Di-( 4-chlorophenoxy) 5 .0 " 13 34 36 41 42 
methane 
150 B- (4-tert.-butyl 
phenoxy) ethanol 
5 . 0 " 13 20 21 22 30 
150 2(2 (2,4,5,6-tetra- 5 .0 " 4 7 10 15 18 chloro~henoxy )-
ethoxy ethyl 
chloride 
150 x-chloro- 5 .0 " 6 11 16 24 24 
150 
phenothioxine 
Plasticizer Chlor W • 5 . 0 ?t 7 20 21 26 44 
150 Phenothioxine 5 .0 Loom Kill 3 6 8 14 15 
Talc 
200 Tetra-chlorophenol 100 .0 .. .. ...... 6 15 22 30 42 
100 Penta-chlorophenol 100 .0 ...... . .. . 25 72 87 98 99 
100 Hexa-chlorophenol 100.0 .. . ....... 16 50 70 88 90 
150 p-nitro-phenotole 100 .0 . .. ..... . . 0 5 9 20 40 
100 2-4 Dinitroso- 100.0 .. . . .. .. . . 2 8 10 50 19 
resorcinol 
100 3-5 Na salt of 100 .0 ......... . 38 82 87 100 . ..... 
DN-o-cresol 
150 2-4 Dinitro- 100 .0 . . . . . . . . . . 4 7 11 23 52 
chlorobenzene 
100 Dicyclohexylamine 20 .0 ?t 2 8 23 50 81 
salt of DN-o-cyclo-
hexyl-phenol 
100 Ca-DN-o-cyclohexyl- 100 .0 .. . . .. .... 2 9 21 38 54 
phenate 
100 DN-o-cyclohexyl- 100 .0 .. . . . . .. .. 17 34 50 98 100 
phenol benzoate 
100 Na salt of DN-o- 100 .0 . .. . . .... . 17 34 50 98 100 
cyclobexyl-phenol 
• These were commercial products whose composition was not available at this writing. 
t These compounds were diluted when received from the manufacturer, and the diluent 
was not listed. 
• 
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of their toxicity. Some were too sticky for dusting; others were too 
granular or too spicular and could not be reduced to fine enough particles 
by ordinary mortar and pestle. 
CRITIQUE OF METHOD 
During the course of this investigation it soon became apparent, 
from discussions with practical economic entomologists who might need 
to use toxic dust barriers for chinch bug control, that there were pos-
sible two quite divergent but equally reas~mable techniques for making 
laboratory tests of dusts before field trials were inaugurated. These 
viewpoints on the manner of testing may be summarized as follows: 
1. The test should be set up to give the bugs a maximum charge of 
the toxic agent by actually shaking them in the dust until they are 
equally and thoroughly covered, or 
2. The technique should be established on the premise that all bugs 
traversing a barrier will not necessarily receive equal contact with the 
toxic agent, and thus set up a test in which the bugs voluntarily walk 
over the barrier and pick up varying amounts of the dust. 
Plausible arguments may be brought forward for either idea. The 
first viewpoint is based primarily on the suggestion that with a properly 
constructed dust barrier all bugs that attempt to cross will lose their 
footing, tumble and roll, and become thoroughly coated with the dust. 
This assumption is basically correct, but there is some question as to 
how long even a properly constructed barrier will remain in perfect 
condition. Wind may scatter and flatten the crest of the barrier so that 
some bugs can get across without wallowing in the dust. Straws, leaves, 
and other litter blown across a barrier will also tend to drag down and 
level off a barrier. Barrier dust may settle, become more compact, and 
be less likely to offer a loose fluffy surface over which the bug must 
travel. Ground-moisture diffusing up through the barrier, or dew on the 
surface may make the dust clump together. Subsequent drying of the 
dampened dust may cause it to crust over. Even light rains may pack 
down the dust. Heavier rains will wash away and disperse the barrier. 
In short, it is conceivable that a barrier may not always be in ideal con-
dition, though still serviceable if its toxic agents were originally present 
in sufficiently high concentration. If barriers would stay in perfect shape, 
their effectiveness could be retained with dusts containing lower con-
centrations of toxic substances. Costs of construction and maintenance 
could thus be kept down. However, since dust barriers are susceptible 
to such types of damage as enumerated above, their concentration of 
poisonous chemicals must be started high enough to keep the control 
measure effective in spite of damage, until repairs may be made. This is 
simply a reasonable margin of safety. A concentration which may be 
excessive under ideal conditions may be reduced to the minimum of 
effectiveness in a damaged or altered barrier. This concept is the founda-
tion of the second viewpoint. 
When barriers are altered from their original condition, it is possible 
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that many bugs will pick up only a trace of the dust, but that trace must 
be sufficient to kill. The second technique will then include results from 
some bugs which may have passed through the laboratory test barrier 
on their "toes", so to speak, and also from some bugs which may have 
been stampeded to tumble, wallow, and thus become thoroughly coated. 
This variability in dosage is an admitted fault of the technique. To kill 
those bugs which get through the barrier with the minimum of contact, 
somewhat higher concentrations of poison must be resorted to. If results 
from the second technique are depended upon as a lead for field trials, 
higher costs of toxic chemicals are implied. 
With the first technique of shaking the bugs in the dust, equal 
dosages are assured, average killing time is decreased, and results are 
more consistent. With lower concentrations of toxic agent, 100 per cent 
kill can be quickly attained. With the second technique of allowing the 
bugs to walk through the dust, higher concentrations must be resorted to 
in order to kill all bugs within a time interval as short as that attained 
by thorough dusting with lower percentages of toxic dusts. 
From one standpoint the two techniques differ in their intentions, 
and data from the two measurements should not be compared. The 
"thorough dusting" technique is essentially a method for concisely com-
paring the toxicity of several compounds. The "walking through" tech-
nique is essentially a test of method, namely: can chinch bugs be killed 
by using a dust barrier containing a certain chemical. Actually, the 
question of an effective concentration for practical field usage is not 
definitely settled by either method. Vagaries of wind, temperature, 
humidity, ground-moisture, etc. can hardly be duplicated with laboratory 
methods. Neither technique takes into account such complications as 
that involved in the chinch bug's habit of crawling under clods or brush-
ing against foliage, thereby rubbing off some of the poisoned material 
which it may have picked up in crossing a dust barrier. 
SUMMARY AND CONCLUSIONS 
1. By employing a simple fiat dust barrier, 1 inch wide, on a smooth 
surface, in concentrations equivalent to about 70 pounds an acre, tests 
were made on the effect of contact by the chinch bug (Blissus leucopterus 
Say) with various dinitrophenols and other dusts. 
2. Under laboratory conditions of uncontrolled temperature and 
humidity, chinch bugs, especially the younger instars, are considerably 
debilitated by dehydration and starvation. Bugs so weakened are much 
more susceptible to contact with dinitro-o-cresol than those with access 
to fo6d after exposure to the dust. 
3. When dinitro-o-cresol is diluted with 320-mesh sulfur, the mixture 
is more toxic than that of equal DN-o-C concentration with Pyrax or 
Pyrophyllite as the diluent. Sulfur mixes seemed to adhere better to the 
body of the insect. 
4 . . Up to about 8 per cent DN-o-C, impregnation of the diluent with 
the DN-o-C in liquid form increases the toxicity of the resultant mixture 
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over that of the same concentration freshly mixed with ingredients in a 
dry state. Putting the toxic agent into solution simply gives a chance 
for more thorough molecular dispersal throughout the diluent. Im-
pregnation is perhaps of value only in mixing dusts with a low DN-o-C 
content. With higher concentrations mechanical mixing of dry ingred-
ients can be sufficient. With some dinitro compounds sublimation of the 
poison may contribute to the dispersal of the toxic agent through the 
dry diluent. 
5. Unless special care is taken with dinitrophenol dusts containing 
oil, the oiled mixtures will tend to clump into aggregates which are too 
heavy to lodge securely on the chinch bug's body surface. The oil does 
make the mixture somewhat "sticky," and with proper precautions in 
the preparation and use of a fresh, fluffy barrier, the addition of oil in-
creases adherence of the dust. When clumping occurs, this advantage is 
largely lost. This point might be especially true under field conditions 
when larger aggregates of the oiled dust would be more easily dislodged 
by brushing against clods, plant growth, etc. 
6. Dinitro-o-secondary-butyl-phenol was the most toxic of the dusts 
tested with large samples of bugs. A 4 per cent mixture in Pyrophyllite 
killed all samples of 1942 adults within 19 hours. 
7. Dinitro-o-cresol and dinitro-o-cyclohexyl-phenol showed up about 
equally well at some levels of concentration. Eight per cent of the former 
in Pyrophyllite killed 100 per cent 1942 adults in 19 hours; 8 per cent of 
the latter killed all within 21 hours. Dinitro-o-cyclohexyl-phenol is slower 
in beginning to show its lethal properties, especially at lower concentra-
tions. 
8. Preliminary tests on small samples seemed to indicate that the 
ammonium dinitro-o-cresylate is extremely toxic to the chinch bug. Eight 
per cent in Pyrophyllite produced 100 per cent mortality of 1942 adults 
within 2 hours. This compound was received too late last season to make 
extended tests. 
9. A critique of method is offered. 
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IMPORTANT FACTORS IN FLAVOR DEVELOPMENT IN 
BUTTER CULTURES1 
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Received June 7, 1943 
The compounds produced during the ripening of butter cultures and 
the factors influencing their formation have been extensively investi-
gated (1). It is generally recognized that the usual butter cultures 
contain two types of bacteria, one of which (Streptococcus lactis) pro-
duces primarily lactic acid and often small amounts of acetylmethylcar-
binol, diacetyl, and volatile acids, while the other (flavor organisms of 
the Streptococcus citrovorus and Streptococcus paracitrovorus group) , 
under favorable pH conditions, produces relatively large amounts of 
acetylmethylcarbinol, diacetyl, and volatile acids from citric acid. In 
butter cultures the lactic acid produced by S. lactis decreases the pH 
to the point where acetylmethylcarbinol and diacetyl accumulate in 
significant amounts through the activity of the flavor organisms. 
There have been certain suggestions that the commonly accepted 
relationships in the production of flavor in butter cultures can be modified 
in one way or another. Because of these, trials were conducted for the 
purpose of showing the importance of certain factors in the formation 
of various compounds in butter cultures. Representative results from 
certain of the trials are given in graphs. 
METHODS 
SOURCES OF CULTURES 
The butter cultures used were from the collection maintained at the 
Iowa Agricultural Experiment Station. The cultures of S. lactis and of 
flavor organisms were recent isolations from the butter cultures. 
PREPARATION OF MILK CULTURES ANALYZED 
Whole milk was pasteurized in a fl.ask by heating in boiling water 
• for 1 hour and then cooling to 21°C. The milk was inoculated with the 
desired culture (in milk) and thoroughly mixed by shaking. In the 
usual procedure one-half the contents of the flask was then transferred, 
in portions of 200 ml. each, to sterile pint milk bottles. Either citric or 
lactic acid was added to the remainder of the milk and thoroughly dis-
tributed, after which 200 ml. portions were transferred to bottles; citric 
acid was added as a sterile aqueous solution (50 g. per 100 ml. water), 
and lactic acid was added directly from the original container (about 85 
per cent). One-half of the bottles in each series were cooled to 7°C. in ice 
1 Journal Paper No. J-1125 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 127. 
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water and incubated at that temperature, while the others were incubated 
at 21 cc. Bottles from each temperature were examined at intervals 
for lactic acid, acetylmethylcarbinol, and diacetyl. Exceptions to the 
general procedure were that in some trials with S. lactis, citric acid was 
not used, and in the trial with flavor organisms 21 c or 7cc. was used 
for incubation instead of both temperatures. 
The amount of citric acid added regularly was 0.15 per cent (of the 
crystallized compound) while the amount of lactic acid varied somewhat 
but gave the original milk an acidity from 0.45 to 0.76 per cent acid. 
AN AL YTICAL PROCEDURES 
Diacetyl was determined on a 50 or 100 g. sample by the colorimetric 
method of Prill and Hammer (4), with minor modifications used by 
Hoecker and Hammer (2). Acetylmethylcarbinol was determined colori-
metrically on a 20 or 50 g. sample using the procedure described (2)• 
for its estimation in butter. In determining lactic acid an 18 g. sample 
was titrated with O.lN sodium hydroxide, using phenolphthalein as the 
indicator, and the results calculated as lactic acid. 
EXPERIMENTAL 
PRODUCTION OF VARIOUS COMPOUNDS BY BUTTER CULTURES 
Production of lactic acid, acetylmethylcarbinol, and diacetyl in 
butter cultures was studied in two trials, using 0.1 per cent inoculation. 
Data obtained in one of the trials are given in graph 1. 
LACTIC Aero. At 21 cc. lactic acid was produced rather rapidly until 
the acidity reached about 0.80 per cent after which production was slower. 
The maximum acidity was noted at the final determination, which was 
made after 62 hours, and was 1.00 per cent. At 7cc. there was little 
increase in acidity after 63 hours, but after 9 days the acidity had reached 
0.70 per cent. 
Addition of citric acid did not affect the rate of acid production at 
either temperature but slightly increased the total acidities. The maxi-
mum values noted with citric acid added to the milk were 1.07 per cent at 
21 cc. and 0.78 per cent at 7cc. 
AcETYLMETHYLCARBINOL. At 21 cc. production of the carbinol 
was relatively slow for a time, but as the acidity increased carbinol 
production also increased; a maximum of 138.5 p.p.m. was noted after 
38 hours, when the acidity was 0.94 per cent. Later, there was a small 
decrease in the carbinol. At 7cc. a small but significant amount of 
acetylmethylcarbinol was produced, the maximum value noted being 
2.0 p .p.m. after 63 hours; later, there was a decrease in the amount. 
With citric acid added to the milk there was a large increase in the 
carbinol production at both temperatures, the maximum amounts noted 
being 263.8 p.p.m. after 38 hours at 21 cc . and 41.3 p.p.m. after 6 days at 
7cc . At both temperatures production of considerable carbinol was fol-
lowed by a decrease in the amount. 
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Graph 1. Production of various compounds by butter cultures at 21° and 7°C., 
with and without citric acid added to the original milk. 
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DIACETYL. At 21°C. diacetyl was produced rather rapidly, the maxi-
mum amount noted being 1.37 p.p .m. after 22 hours. The amount then 
decreased rather rapidly; the decrease was more rapid on a percentage 
basis than that with acetylmethylcarbinol, and after 62 hours the diacetyl 
content was 0.51 p .p.m. At 7°C. production of diacetyl was relatively 
slow, the maximum amount noted being 0.20 p.p.m. after 6 days; some 
destruction of diacetyl was noted after 9 days. 
When citric acid was added to the milk the diacetyl production at 
21°C. was greatly increased; after 19 hours 2.32 p.p.m. was present. 
There then was a rapid decrease until after 62 hours the diacetyl content 
was 0.68 p.p.m. At 7°C. citric acid also increased the production of 
diacetyl; after 9 days the content was 0.82 p.p.m., which was the maxi-
mum value noted. 
PRODUCTION OF VARIOUS COMPOUNDS BY s. lactis 
Production of the various compounds in milk cultures of S. lactis 
was studied in six trials. In two trials 0.1 per cent inoculation was used 
and citric acid was added to part of the milk, while in four trials 0.9 per 
cent inoculation was used and no citric acid was added. Graph 2 is based 
on the data obtained in one of the trials. 
LACTIC Acm. Production of lactic acid by S . lactis was very similar 
to its production by butter cultures. At 21°C. the acidity increased 
rather rapidly for a time and then much more slowly. The maximum 
acidity noted was 0.94 per cent after 46 hours and also after 62 hours. 
At 7°C. very little acid was produced early in the incubation, but after 
9 days 0. 78 per cent acid was present. 
Addition of citric acid slightly increased the total acidity at both 
21° and 7°C., the maximum values being 0.98 per cent after 62 hours at 
21 °C. and 0.80 per cent after 9 days at 7°C. 
AcETYLMETHYLCARBINOL. At 21 °C. a small amount of acetylmethyl-
carbinol was produced. After 14 hours 2.18 p.p.m. was note~ after 
which there was a fairly rapid destruction until only 0.53 p.p.m. remained 
after 62 hours. In other trials the maximum values on carbinol were 
obtained after longer incubation (24 to 31 hours). At 7°C. acetylmethyl-
carbinol production during the 9-day incubation was insignificant, the 
maximum value noted being 0.29 p.p.m. 
When citric acid was added, production of acetylmethylcarbinol was 
not significantly increased at either 21 ° or 7°C. 
DIACETYL. At 21°C. diacetyl was produced in only very small amounts. 
The maximum value noted was 0.14 p.p.m. after 14 hours, and this had 
decreased to 0.05 p.p.m. after 19 hours. At 7°C. only traces of diacetyl 
were found. 
With addition of citric acid there was no significant increase in 
diacetyl production. 
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PRODUCTION OF VARIOUS COMPOUNDS BY FLAVOR ORGANISMS 
Production of the various compounds in milk cultures of flavor 
organisms was investigated in six trials using 0.5 per cent inoculation. 
In two trials 21°C. was used for incubation and in four trials 7°C. was 
employed. One-half the bottles in each trial had lactic acid added to 
lower the pH. Data obtained in one trial at 21°C. and in one trial at 7°C. 
are given in graph 3. 
LACTIC Aero. At either 21 ° or 7°C. there was no significant change 
in acidity, either with or without addition of lactic acid to the original 
culture. 
AcETYLMETHYLCARBINOL. At 21°C. acetylmethylcarbinol was pro-
duced in small amounts, the maximum value noted being 3.9 p.p.m. 
after 12 hours; there then was a rapid destruction until only 0.7 p.p.m. 
remained after 50 hours. At 7°C. some carbinol was produced although 
it was formed at a much slower rate than at 21°C.; the maximum value 
obtained was 2.56 p.p.m. after 7 days. No subsequent decrease was noted. 
Addition of lactic acid to lower the pH greatly increased production 
of the carbin9l. The maximum value noted at 21 °C. was 111.5 p.p.m. 
after 50 hours, while at 7°C. it was 10.64 p.p.m. after 7 days. No decrease 
was noted at either temperature. 
DIACETYL. At 21°C. a small amount of diacetyl was produced, the 
maximum value obtained being 0.28 p.p.m. after 32 hours. During the 
latter part of the incubation a decrease occurred. At 7°C. the pro-
duction of diacetyl was slower than at 21°C., the maximum amount noted 
being 0.24 p.p.m. after 7 days when the final determination was made. 
When lactic acid was added to lower the pH, production of diacetyl 
was increased, especially at 21°C. where a value of 5.78 p.p.m. was 
obtained after 50 hours. At 7°C. the maximum value obtained was 0.85 
p.p .m. after 7 days. No decrease was noted at either temperature. 
DISCUSSION 
The increased amounts of acetylmethylcarbinol and diacetyl in butter 
cultures after considerable lactic acid had been fornied emphasize the 
importance of pH in the accumulation of these compounds. The decreases 
from the maximum carbinol and diacetyl contents presumably were due 
to reduction of these compounds to 2,3-butylene glycol by the butter 
culture organisms. The large increases in the carbinol and diacetyl 
resulting from addition of citric acid show the importance of this acid 
as a source of flavor in butter cultures. 
The similarity in the lactic acid production in cultures of S. lactis and 
in butter cultures and the small amounts of acetylmethylcarbinol and 
diacetyl produced by S. lactis indicate that the main function of this 
species in butter cultures is production of lactic· acid. With the S. lactis 
strains studied, the amounts of acetylmethylcarbinol and diacetyl pro-
duced were not significant; apparently, other strains of S. lactis or other 
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Graph 3. Production of various compounds by flavor organisms at 21° and 7°C., 
with and without lactic acid added to the original milk. 
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species of• lactose-fermenting streptococci may produce more carbinol 
and diacetyl (1). Wiley, Cox, and Whitehead (6) reported working 
with cultures of Streptococcus cremoris which produced as high as 1.0 
p.p.m . diacetyl in milk. Other investigators have isolated different species 
of lactose-fermenting streptococci which produce relatively large amounts 
of lactic acid, acetylmethylcarbinol, and diacetyl (2). Addition of citric 
acid to the S. lactis cultures did not significantly change the products 
formed. 
The chief function of the flavor organisms in butter cultures is the 
production of flavor compounds from citric acid. Due to the unfavorable 
pH, production of acetylmethylcarbinol and diacetyl was much less in 
unacidified milk than in milk to which lactic acid was added, and the 
destruction of these compounds was more rapid. In the acidified cultures 
the carbinol contents were very similar to those of butter cultures, 
whereas the diacetyl contents were somewhat higher. Citric acid was 
not added to the cultures, but addition of this acid has been shown to 
greatly increase production of carbinol and diacetyl by the flavor organ-
isms (3). Although the strains of flavor organisms studied showed no 
significant change in acidity, certain strains of S. paracitrovorus may be 
much more active acid producers. 
While acetylmethylcarbinol and diacetyl contents may rapidly de-
crease in butter cultures or in pure cultures of the butter culture or-
ganisms, the data indicate that a decrease in lactic acid does not occur, 
even with relatively long incubation periods. 
Although production of the various compounds was more rapid at 
21° than at 7°C., the general fermentation brought about by butter 
culture organisms was the same at the two temperatures. With long 
incubation periods at 7°C. considerable amounts of lactic acid were 
formed by S . lactis, while small but significant amounts of carbinol and 
diacetyl were formed by the flavor organisms. Even in the unacidified 
cultures of the flavor organisms the amounts of carbinol and diacetyl 
compared favorably with those produced by butter cultures and were 
considerably higher than those produced by S. lactis. Wiley, Cox, and 
Whitehead (5,6) suggested that in butter cultures incubated at 21°C., 
where acid production is rapid, the flavor organisms are mainly respon-
sible for the formation of acetylmethylcarbinol and diacetyl, while in 
butter cultures incubated at 7°C., where only small amounts of acid are 
produced, S. cremoris is mainly responsible for the formation of the 
compounds. 
SUMMARY 
At 21°C.: 
(a) Butter cultures produced relatively large amounts of lactic 
acid, acetylmethylcarbinol, and diacetyl. At first, production of lactic 
acid was rapid while production of the carbinol and diacetyl was slow. 
As the acidity increased there was a more rapid production of the carbi-
nol and diacetyl; later, a destruction of these compounds occurred. Addi-
tion of citric acid greatly increased the carbinol and diacetyl contents. 
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(b) S. lactis cultures produced relatively large amounts of lactic 
acid but only very small amounts of acetylmethylcarbinol and diacetyl. 
Later, a rapid destruction of the carbinol and diacetyl occurred. Addition 
of citric acid did not appreciably increase the carbinol and diacetyl con-
tents. 
(c) Cultures of flavor organisms produced insignificant amounts of 
lactic acid. In unacidified milk small quantities of acetylmethylcarbinol 
and diacetyl were produced. Increasing the acidity by addition of lactic 
acid greatly increased the carbinol and diacetyl contents, the amounts 
of diacetyl being considerably larger than in butter cultures. 
At 7°C.: 
(a) Production of lactic acid, acetylmethylcarbinol, and diacetyl in 
butter cultures and in cultures of S. lactis and production of the carbinol 
and diacetyl in cultures of flavor organisms were much slower and the 
amounts were much lower than at 21 °C. 
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